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ABSTRACT 
The mastery of basic number operations cannot be separated from problem solving in 
mathematics. Understanding mathematics involves mathematical cognition as it is 
heavily informed by the learner‘s ability to reason at an abstraction level since 
mathematics is relatively abstract. 
Instructional strategies used by teachers served as the independent variable(s) for this 
study. Its intent was to promote math instruction that emphasises problem-solving which 
should encourage learners to reason at an abstract level. 
The purpose of this study is to impact the teaching and learning of mathematics among 
Primary school learners and to suggest strategies that might help to enhance 
mathematics cognition and improve students‘ performance in mathematics problem 
solving. 
Primary school learners are in the concrete operational stage of development according 
to Piaget‘s cognitive stages of development. Most learners can reason at this level, but 
their reasoning is based on tangible objects and direct experiences. 
From a constructivist view learners construct their own knowledge and the learning of 
subject matter is the product of an interaction between what they are taught and the 
knowledge they bring to the learning situation, however it becomes the teachers 
responsibility to make sure that the child does acquire enough skills in perceiving, 
thinking, reasoning, and problem solving.  
Children have to be guided by leading questions and sometimes need to be shown the 
solution to a problem and then letting them solve a similar problem by themselves, or 
initiating the solution to a problem. 
The data of this study was collected through interviews, classroom observations and a 
questionnaire. A qualitative data approach was used and the results revealed that 
teaching mathematics problem solving is the biggest challenge that most teachers face 
and hence learners lack to develop mathematically, however the study also found that 
when teachers plan their lessons effectively and make time to incorporate problem 
solving into their lessons and make use of tangible objects such as concrete examples 
linking it with direct experiences that learners can relate to; that learners found 
vi 
themselves at a level of productive disposition where they saw sense in mathematics and 
perceive it as both useful and worthwhile.  
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Chapter 1 
Introduction and Overview of the study 
 
1.1 Introduction and background to the research 
―Research has shown that all children enter school with well-developed informal or 
intuitive systems of mathematical knowledge that can be used as a basis for the further 
development of their understanding of mathematical concepts, symbols and, procedures 
(Secada, Fennema & Adajian, 1995:98) 
There are many different  instructional strategies and Cognitively Guided Instruction 
(CGI) approach is one such approach. CGI a coherent body of knowledge about 
children‘s thinking in mathematics on teachers‘ knowledge and beliefs, their instruction, 
and their learners‘ learning (Fennema, 1995:27). It is about teachers making instructional 
decisions based on their knowledge of individual children‘s thinking. Children learn 
mathematics through mathematical explorations and experiences provided by the 
teacher and the environment (Dahaene, 1997) asserts that ―the brain of a developing 
child is a product, at the molecular level of interactions between biological and ecological 
factors. Mind is created in this process. 
Cognitive structures (―Cognitive modules‖ Gallistel, 1999:1190) are made up of concepts 
and mathematical concepts are as a result of mathematical cognition which builds up 
mathematical cognitive structures or modules. Every single thought we entertain, every 
calculation we perform, results from the activation of specialized neuronal circuits 
implanted in our cerebral cortex (Stanislas, 2011). Our mathematical constructions 
originate in the coherent activity of our cerebral circuits, and of the millions of other brains 
preceding us that helped shape and select our current mathematical tools (Stanislas, 
2011). 
 
On the basis of our own mathematics learning experiences we have all constructed a 
core set of intuitions regarding the nature of the subject, the optimal way to learn it, and 
the role the teachers play when teaching the subject (Carpenter, Fennema & Franke: 
1996). Mathematical cognition is a complex mental activity that involves various functions 
of the brain most especially identification of quantities, comparison of such quantities and 
calculations among others. These ―core images‖ of the discipline are believed to exert a 
profound and often unconscious influence on the ways we define mathematics 
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competence, on the ways teachers interpret a broad range of information on the subject 
(eg. texts and teaching tools), and on the approaches teachers adopt to teach it in their 
own classrooms.  
The core image that has guided mathematics instruction for most of the past century can 
be summarized as follows: Math is a fixed body of knowledge involving numbers and 
their manipulation via rules and algorithms.  
With this view of mathematics, it is not surprising that teachers have focused their 
instruction on ensuring their children know the rules and how to apply them, and have 
treated numbers, essentially as disembodied entities (Carpenter et al., 1996). According 
to the constructivist theory students‘ knowledge must be constructed within their own 
minds. A child‘s knowledge cannot be transmitted and a teacher cannot simply give 
student knowledge. It is a teacher‘s role to oversee the entire learning process by 
teaching children ways that make the information that is being taught meaningful to them 
as well as relevant to them. Teachers should provide their learners with opportunities to 
discover and be able to apply ideas themselves (Secada et al., 1995). 
Vygotsky (1986) emphasises that in order for learning to take place all the previous 
concepts children were taught need to go through a process of disequilibrium, this 
according to Piaget is a state of cognitive imbalance where the mental structure involved 
in learning must be modified to accommodate new  information and then cognitive 
change will take place.   
 
Understanding mathematics involves mathematical cognition as it is heavily informed by 
the learner's ability to reason at an abstraction level because mathematics is relatively 
abstract.  
Mathematics is a systematic reasoning and representations of specified quantities 
(Luneta, 2013) 
Cognitive strategies are useful tools in assisting learners with learning problems. The 
term "cognitive strategies" in its simplest form is the use of the mind (cognition) to solve a 
problem or complete a task. Cognitive strategies may also be referred to as procedural 
facilitators, procedural prompts or scaffolds (Vygotsky, 1986). A related term is 
metacognition, the self-reflection or ―thinking about thinking‖ necessary for students to 
learn effectively (Dahaene, 1997) Cognitive strategies provide a structure for learning 
when a task cannot be completed through a series of steps. For example algorithms in 
mathematics provide a series of steps to solve a problem. Attention to the steps results in 
successful completion of the problem. The goal of Mathematics instruction is for lessons 
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to occur in a step-by-step manner, allowing the learner to move from needing concrete 
manipulatives to solve a problem to a point where they are able to think abstractly 
through the steps to solve a problem (Miller & Mercer, 1993). It is thus advisable for the 
teacher to make use of the Concrete Representational Abstract (CRA) strategy after 
having asked the learner to solve a specific mathematics concept. The CRA strategy can 
be used as a solution strategy to help children develop cognitively and this can be 
applied to one‘s own teaching style (Witzel, B, 2005).  
In order for teachers to instruct mathematics for understanding they need to take 
cognisance of the learners‘ knowledge and beliefs that they bring to learning task and 
use it as anchors for new instructions.  
 
Active learning encourages learners to engage with concepts as teaching progresses 
and it inspires metacognition among learners, where they think about their own concept 
acquisition through self-monitoring of the mastery and understanding of concepts 
(Luneta, 2013). Active learning is based on a theory of learning called constructivism, 
which emphasises the fact that learners construct or build their own understanding 
(Vygotsky, 1896-1934). Learning is a process of making meaning. Learners replace or 
adapt their existing knowledge and understanding (based on their prior knowledge) with 
deeper and more skilled levels of understanding. Skilled teaching is therefore active, 
providing learning environments, opportunities, interactions, tasks and instruction that 
foster deep learning. 
Studies (Centre for Development and Enterprise (CDE) 2013; Siemon et al. 2011; Hill et 
al. 2008) show that the teacher‘s knowledge and how it is used in disseminating 
information to the learners defines how the mathematical cognitive structures are formed 
in the learners. Within teacher knowledge it is considered content knowledge, the subject 
matter knowledge that the teachers ought to poses (Shulman, 1986), and pedagogical 
knowledge, the know-how of teaching that the teacher needs to have in order to 
effectively teach the content as critical to instructions that ensure good mathematical 
cognition. 
 
An instructional strategy is a method you would use in your teaching to help activate 
learners‘ curiosity about a topic, to engage the learners in learning, to probe critical 
thinking skills and to keep them on task (Carpenter, Fennema, Peterson, & Carey, 1988). 
Children should be shown the aim and purpose of mathematics in the world so that they 
do not just see it as being an abstract component that cannot be reached by all people. 
4 
 
Children have to be able to make connections between intuitive, informal knowledge and 
school-based knowledge, the curriculum includes components the child understands, 
which are derived from the child‘s experiences and culture (Secada et al, 1995: 101).  
Learning should be relevant and situated within a meaningful context. This idea was 
developed by the philosopher Jean-Jacques Rousseau and influenced numerous 
educators in the early 20th century such as John Dewey and Maria Montessori. It led to 
inquiry-based and discovery learning models. The main idea here is that we learn best 
when we can see the usefulness of what we learn and connect it to the real world. 
 
1.2  Theoretical Framework 
The theoretical framework for this study is based on ideas of a combination of theorists 
with the main emphasis on teaching strategies that enhance cognitive development. The 
study aims to identify instructional strategies used by teachers in Primary school to 
enhance mathematical cognitive development. 
Piaget‘s theory argues that children reason in qualitatively different ways at different 
developmental stages (Ojose, 2008), whereas the Plowden Report assumed that 
children only became capable of logical thought based on symbolic and abstract material 
in adolescence, today child psychology assumes that all the basic forms of learning and 
reasoning are available from baby- and toddler- hood. What develops is the child‘s 
knowledge base, along with skills like working memory, metacognition and self-
regulation. However, Plowden was correct to note that the development of language is 
central to the educational process (Plowden 1967: 54-55). 
Language is a symbolic and abstract system, and via language, pretend play and the 
imagination, even very young children think logically with abstract material (Vygotsky 
1978,1986). Vygotsky argued that language is the primary symbolic system and that, 
once acquired, language mediates cognitive development. 
 
From a constructivist view, learners will construct their own knowledge. While the teacher 
uses language to explain the links between mathematical symbols and mathematical 
models, the learner needs to map different elements onto each other to understand the 
explained ideas and concepts (Wong & Evans, 2008). 
 
In order for teachers to be sharp and focused in their content and pedagogical content 
knowledge in mathematics they must constantly review their instructional approaches as 
well as their content knowledge. Luneta (2012) insists that for mathematics teachers to 
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be effective they must undergo continuous bombardment of high quality professional 
development programmes that address the content and pedagogy that intersects into 
pedagogical content knowledge. The instructional design of an effective mathematics 
lesson should be such that the teacher is aware of the appropriate strategies and 
techniques for teaching, learning and understanding the concepts (Luneta, 2013:10). 
Hence, to be effective mathematics teachers must be grounded in and possess a deep 
understanding of the mathematics that they teach (Hill et al, 2008; Schoenfeld, 2002). 
 
1.3  Research questions and aims of the inquiry  
This study will investigate the following questions: 
1. What instructional strategies do Mathematics teachers use to enhance children‘s 
mathematical cognition at primary school? 
2. How best can these strategies be used to optimise mathematical cognition 
among primary school children? 
 
To pursue the research questions the study aims to identify the instructional strategies 
that teachers use to enhance mathematical cognition and how best to implement these 
strategies for optimal mathematical cognition at primary school level so that learners are 
able to successfully solve mathematical problems.      
                                
The objective of this study will be to establish the instructional strategies that teachers 
use to enhance children‘s mathematical cognition at Primary school and how best these 
strategies can be implemented for optimal mathematical cognition at Primary school 
level.   
 
1.4  Rationale for the study 
In today‘s primary school classrooms, the need for teachers to be skilled at meeting the 
needs of all children is probably greater than at any time in the history of our schools, but 
it is important for mathematics teachers to enhance each child‘s mathematical 
competence.  
Effective and efficient teaching methods that could help improve learners‘ performance in 
mathematics are most desired. 
However, for effective and efficient teaching, learner centered methods that require 
teachers to actively involve learners in the teaching and learning process must be 
applied. 
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While hundreds of studies have been previously conducted on mathematical cognition, 
not many studies have investigated which strategies mathematics teachers can use to 
enhance mathematical cognition. 
 
A practical implication of this research study relates to assisting primary school math 
teachers to develop or even modify their instructional approach when teaching 
mathematics. It aims to assist teachers in guiding learners cognitively. It is the hope of 
the researcher that the development of more effective classroom strategies will emerge 
from this study making it an action research. 
 
I have selected a research topic of investigating instructional strategies that enhance 
mathematical cognitive development amongst primary school children. I associate my 
career aspirations to becoming a specialist in primary mathematics education and in 
depth knowledge as to which strategies best enhance math cognition amongst primary 
school learners is going to contribute to my chances of success in this chosen career 
path.  
 
This research will make a positive contribution to teaching and learning of mathematics 
by impacting the way primary school teachers teach certain concepts in mathematics.  
For children to succeed in mathematics, a number of brain functions need to work 
together. It is the sincere hope of the researcher that the study will promote different 
instructional strategies which teachers can use to enhance children‘s mathematical 
cognition. 
 
1.5 Research design and method 
A qualitative study was conducted using two schools in Gauteng West. The qualitative 
research design is the most suitable on the premise that reality is interactive, shared 
social experiences that is interpreted by individuals in their natural settings. Qualitative 
research design emphasizes the collection of descriptive data in natural settings, uses 
inductive thinking and interpretation of people‘s viewpoints. According to Henning (et 
al., 2004 p. 3) in qualitative research we want to find out not only what happens but also 
how it happens and importantly why it happens the way it does. Information captured 
will be descriptive in nature. This design, according to Henning, Van Rensburg and Smit 
(2004) involves observing of practices aimed at understanding and explaining the 
participants perspective and behaviours. 
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The study was done as an action research. Action research is participatory observation 
using individual interviews, document analysis and data analysis (Henning, 2004) it 
focuses on understanding the problem and developing an intervention with the people 
involved. Action research is typical cyclical in terms of data collection and analysis, 
starting with identifying a problem, collecting data, analyzing the data, taking action to 
resolve the problem and assessing the outcome of the intervention (Niewenhuis, 2012). 
Action research provides a framework that guides the energies of teachers toward a 
better understanding of why, when, and how students become better learners.  
During my classroom observations I investigated teachers‘ teaching strategies, looking 
deeper into what they and their students did and failed to do, I looked at the preparation 
that the teachers did ahead of their classroom lessons and the teaching material they 
used to teach certain concepts. I also looked at the different ways in which the four 
basic number operations of arithmetic were done.  
 Action research involves systematic observations and data collection which can then 
be used by the practitioner – researcher in reflection, decision – making and the 
development of more effective classroom strategies (Parsons and Brown, 2002)  
Population  
A population is a group of individuals with one or more characteristics in common 
(McMillan & Schumacher, 2001). The target group for this study is Grade 4 – 7 
mathematics teachers from 2 primary schools in Gauteng West.  
Sampling 
The intention of this study was to broaden the scope by involving two schools. Grade 4 
to 7 Mathematics teachers were part of this study. In both schools the researcher found 
that grade 4 to 6 teachers were sharing teaching of the subject with another teacher 
except for grade 7.  When completing analysis or research on a group of entities with 
similar characteristics, a researcher may find that the population size is too large to 
complete the research (Maree et al., 2011) for this reason sampling in this study was 
done by way of probability and stratified sampling procedures. Maree and Pietersen 
(2011:172) explain that probability sampling procedure uses the principles of 
randomness and probability. Therefore these two schools and Grade 4 –7 classes were 
selected at random. The reason sampling took place like this was because this 
procedure is objective and it leaves no room for human bias or subjectivity (Maree & 
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Pietersen, 2011). For this reason the probability sampling procedure was found most 
suitable.  
I also wanted to save time and money and working with one teacher per grade in each 
school was one way of doing this. 
Data collection 
Data was first collected from a pilot study. A pilot study is a pre-study of the main 
research. The pilot study makes it possible for the researcher to notice unanticipated 
problems and will redesign parts of the study. Maree and Pietersen (2011) posit that a 
pilot study is part of the planning process intended to gather information to eliminate 
deficiencies in the design before carrying out the main study. A pilot study was done to 
find out if the interviews and the observations are capable of collecting the required 
data; this also helped with the validation process. The pilot study familiarized the 
researcher with the tactics and skills needed for the main research study. 
Data was collected during classroom observations using a classroom observation 
checklist where the researcher acted as a non – participant observer and interviews 
were conducted during the first phase of the research with the entire math teachers in 
both schools. I picked up that interviewing all teachers and conducting classroom visits 
to all math teachers will take up a lot of time and will not be feasible.  
Only sampled teachers were involved in the interviews during the first phase of the 
research since the main purpose of the study was to find out what instructional 
strategies teachers use to enhance mathematical cognition. Although De Vos (2002: 
33) explains that focus group interviews help to provide clarification and detail the 
researcher decided that the interviews will be held with each individual mathematics 
teacher in each of the two primary schools.  These interviews all had written responses 
from the participants so that they could be coded at a later stage. The questions were 
all open ended.  
Focus group interviews are very important because a group discussion enables 
participants to engage in thoughtful, sustained analysis and provide unbiased 
information, but the purpose of this research was to gain personal insight into what 
happens in each individual teacher‘s classroom. The researcher decided to conduct 
individual interviews with each participant so that they could be comfortable and give a 
true reflection of what happens in their classrooms when instruction takes place.  
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In addition interviews help to support data that is collected through questionnaires. This 
will allow the researcher to pursue a person‘s response for more or better answers. It 
brings us in contact with what the individual thinks, feels and says in subjective reality 
(Henning, 2004: 52). 
As researcher I observed, recorded and transcribed events in classroom as they 
naturally occurred (see appendix F-I). In naturalistic observation, no attempt is made to 
alter the situation in any way, and because those being observed are not aware of the 
observation, their behaviour does not change because of the researcher‘s presence.  
Data analysis 
The data collected from the interviews were coded (See Chapter five) and the findings 
are discussed in Chapter six. The words used in the interviews were analysed to 
establish trends and patterns in respondents‘ thoughts and views. The data collected 
through observations were transcribed and analyzed. These notes provide an accurate 
description of what is observed and are the product of the observation process.  
 
1.6  Ethical Considerations 
Written permission from the Gauteng Department of Education, the school Governing 
Bodies and the principals of the two schools will be obtained. Ethical clearance for the 
study will be obtained from the Faculty of Education Ethics Committee.  
All participants‘ contribution were respected as Cohen et al. (2005) indicate the 
importance of respecting privacy, anonymity and confidentiality at all times. Participants 
will be allowed to withdraw from the study at any given time without penalty.  
These ethical principles are basically oriented on respecting the interests of participants 
by not hurting them or by not taking a unilateral position in the field against members‘ 
interests. At the same time, interventions should bring an advantage to the field under 
study, more or less directly (Fick, 2007). 
Research according to Flick (2007) is justified if it produces insights that advance what is 
known or contributes to solving problems either by new knowledge or by concrete 
suggestions for practical implications. 
  
1.7 Structure of Dissertation  
Chapter one covers the introduction, background and overview of the study. The 
theoretical framework underpinning the study is also outlined. The research questions, 
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aims and objectives of the study are clearly stated followed by research design and 
methods. Lastly, the ethical considerations employed in this study conclude this chapter. 
 
Chapter two presents a review of the literature relating to cognitive development and 
instructional strategies that can be used by teachers to enhance mathematical cognition. 
Specific research studies/ investigations/ inquiries relevant to this study are examined, 
analysed and reported on in this chapter. 
 
Chapter three attempts to provide a detailed description of the research design and 
methods used in this study. The research sites, population, sample, data collection, 
analysis and the research ethical measures that were observed are outlined. 
 
Chapter four provides the data presentation of this study looking at the classroom 
observations and interviews held with participants. 
 
Chapter five comprises of a detailed analysis and interpretation of the data. 
 
Chapter six discusses the findings from the study and also focus on the implications for 
educational practitioners, researchers and policy makers. Furthermore this chapter 
outlines the recommendations for further research in the field. 
 
1.8 Conclusion 
This chapter presented an introduction, background and orientation to the study. The 
research problem was stated with an outline of the study‘s aims and objectives. The 
study was contextualized within a qualitative design.  
Chapter two focuses on a review of literature pertinent of the research questions. 
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Chapter 2 
Literature Review 
2.1 Introduction  
In this chapter the literature review will present the conceptual framework and the 
theoretical framework of the study as well as empirical studies that have informed about 
the study.  
 
2.1.1 Theoretical  
The theoretical framework for this study is based on ideas of a combination of theorists 
with the main emphasis on teaching strategies and cognitive development. 
The reason to do research is to produce knowledge, knowledge that others can learn 
from, act on and use to improve the situation (O‘Leary, 2010) 
 
It is assumed that general theories of learning have much to offer to the process of 
teaching and learning mathematics (Orton, 2004). Orton wonders if it is possible to 
enhance learning mathematics through optimum sequencing, or is it a question of waiting 
until students are ready. He also asks whether students discover mathematics and if they 
can construct mathematical knowledge for themselves. There are a variety of different 
learning theories and this chapter will briefly outline these theories and bring together 
some of the main findings relevant to the aims of this study. This chapter will also focus 
on specific research studies, investigations and inquiries that are relevant to my study. 
 
2.2 Theories of learning 
Learning theories are an organized set of principles explaining how individuals acquire, 
retain, and recall knowledge. By studying the different theories of learning teachers might 
have a better idea as to how learning occurs.   
 
2.2.1 Behaviourist Approach  
Behaviourism stems from the work of B.F Skinner and the concept of operant 
conditioning. Behaviourism theorists believe that knowledge exists independently and 
outside of people (Skinner,1938). The learner is viewed as a blank slate who must be 
provided the experience. Behaviourists believe that learning actually occurs when new 
behaviours or changes in behaviours are acquired through associations between stimuli 
and responses. Thus association leads to a change in behaviour. 
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Mathematicians are still seeking to establish a strong bond between the stimulus (the 
question-type) and response (the application of the method of solution leading to the 
correct answer), which seems to be direct to the law of exercise. The law of exercise: 
The response to a situation becomes associated with that situation, and the more it is 
used in a given situation the more strongly it becomes associated with it. 
There is no assertion that practice guarantees mastery, but the majority still believes that 
practice is the best way to master knowledge (Orton, 2004). 
 
Sinner states that when a student‘s behaviour is reinforced, the behaviour is sustained, 
and this is an example of the law of effect, which show that responses that are 
accompanied or closely followed by satisfaction are more likely to happen again when 
the situation re-ocurs, while responses accompanied or closely followed by discomfort 
will be less likely to re-occur (Slavin, 2006). This means that pleasurable or reinforcing 
consequences stenghten bahaviour, unpleasant or punishing consequences weaken it. 
For example, if students enjoy solving fractions, they will probably do it more often, and if 
they find solving fractions boring, they may do it less often. 
 
Orton (2004) remarks that, although these laws were suggested many years ago, it is 
interesting to consider how acceptable they are today in the teaching of mathematics, 
and he wonders if we could enhance learning mathematics through optimum sequencing. 
Given a proper task (stimulus) from the teacher, or from a book or programme, the 
correct answer (response) is obtained, and then slowly but surely, learning proceeds 
through a sequence or chain of stimulus – response links. Furthermore, feedback, 
reinforcement and reward have crucial places in the application of the theory; thus a 
cycle of learning is generated. Orton (2004) argues that without other methods that 
involve repetition, learning may not take place effectively. 
Skinner (1938) suggested another class of behaviour that he labelled operant 
conditioning. Operant conditioning states environmental contingencies or the 
environment‘s ‗reaction‘ to that individual‘s behaviour controls that individual‘s behaviour. 
The operant conditioning principle has been supported in hundreds of experimental 
studies involving humans as well as animals.  
 
2.2.2 Constructivism 
Constructivism is based on the premise that we all construct our own perspective of the 
world, based on individual experiences and internal knowledge. Learning is based on 
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how the individual interprets and creates the meaning of his or her experiences. 
Knowledge is constructed be the learner and since everyone has a different set of 
experiences and perceptions learning is unique and different for each person. 
 
The essence of constructivist theories of learning is the idea that learners must 
individually discover and transform complex information if they are to make it their own 
(Slavin, 2006). The learners are seen as constantly checking new information against old 
rules and then revising rules when they no longer work. It is a view of learning and 
development that emphasizes the active role of the learner in building understanding and 
making sense of the world (Eggen & Kauchak, 2007). 
 
―Constructivists believe that making that knowledge results from individual constructions 
of reality. From their perspective, learning occurs through the continual creation of rules 
and hypothesis to explain what is observed. The need to create new rules and formulate 
new hypothesis occurs when students present conceptions and new observations. 
(Brooks, 1990, p: 68). 
According to constructivism, knowledge cannot be transmitted and teachers cannot 
simply give students knowledge. Instead students‘ knowledge must be constructed in 
their own minds. The role of the teachers is facilitating the learning process by teaching 
in ways that make information meaningful and relevant to learners, by providing learners 
with opportunities to discover or apply ideas themselves (Slavin, 2006). The works of 
Piaget and Vygotsky emphasized that cognitive change takes place only when previous 
conceptions go through a process of disequilibrium in light of new information, and 
emphasized the social nature of learning (Slavin, 2006). 
The first view of construction is that children‗s everyday knowledge of natural 
phenomena is viewed as a coherent framework of ideas based on common – sense of 
their experience of living in the world (Greeno, et al, 1996). Piaget argues that learning 
mathematics facts through discovery learning based on what the child already know, is 
more effective than having them presented by a teacher (Pressley et al, 1992). 
The second view is called the social construction of knowledge which is strongly inspired 
by Vygotsky‘s theories. This view proposes that knowledge exists in a social context and 
is initially shared with others instead of being represented solely in the mind of an 
individual (Brunning, et al, 1999).  
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Social interaction plays a fundamental role of social construction in the development of 
cognition. Vygotsky (1978) states: ―Every function in the child‘s cultural development 
appears twice: first on the social level, and later on the individual level; first between 
people (interpsychological) and then inside the child (intropsychological). 
 
According to Vygotsky‘s socio-cultural theory of learning and cognitive development, 
learning is mediated. Learning takes place because of mediation. Vygotsky believed that 
there was a difference between what learners could achieve by themselves and what 
they could do with the assistance from a more skilled individual. Vygotsky believed that 
the Zone of Proximal development will be attained through the help of a skilled individual. 
Another aspect of Vygotsky‘s theory is cognitive apprenticeship that the process by 
which a learner gradually acquires expertise is through interaction with an expert, either 
an adult or an older or more advanced peer (Slavin, 2006). Lastly Vygotsky stressed 
scaffolding, or mediated learning. Scaffolding is a mechanism whereby, through the 
language of shared communication, a more skilled individual tries to impart knowledge to 
a less skilled individual, and it reflects to the various types of support given by teachers 
(Bentham, 2002). 
  
Piaget and Cognitivism  
Piaget explores two questions: How do children manage to adapt to their environment? 
and How can we classify and order child development over time? Piaget‘s method in his 
experiments depends on asking children for their ideas about natural events and 
recording their answers with great attention. He believed that the highest form of human 
adaptation is cognition (Piaget, 1972). Adaptation is the term that describes an 
individual‘s changes in response to the environment. Piaget uses features of biological 
adaptation and created his own distinctive terminology known as: Schemas, Assimilation, 
accommodation and Equilibrium.  
 
Schemas, according to Piaget, are the basic ways of organizing patterns or units of 
action or thought that we construct to make sense of our interactions with the 
environment.  Schemas can be thought of as files in which we store information, so each 
schema treats all objects and events in the same way. Individuals interact and make 
sense of the world around them, and it is this physical interaction that becomes 
internalized to create thinking.  
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Assimilation according to Piaget, is taking new information and trying to fit this 
information into existing schemas, or responding to the environment in terms of 
previously learned patterns or behaviour or schemas. 
Accommodation is the effort of organisms to change or modify an activity or ability to fit 
the new information, or responding to the environment in a new manner. 
Equilibrium is when the individual‘s perception of the world fits into existing schemas. For 
example when a child is able to apply what they already know to a new situation. A child 
will for instance know how to solve a problem sum because he/she have practiced 
problem-solving involving addition and subtraction. 
Disequilibrium refers to an individual‘s inability to fit new information into their schema. 
When you come across information or experiences that do not fit into your current 
knowledge base, this is where disequilibrium begins. 
Disequilibrium is not a very comfortable state to be in. It usually causes frustration and 
challenges for learners. It can cause fear, anxiety, and even panic. It is however, 
necessary for the learning to take place. 
 
When children encounter new information in mathematics, they enter into a state of 
disequilibrium. The teacher can help the child to process or modify this new information 
by helping the child modify this new information so that it matches their current schema.  
 
Piaget divided cognitive development into four stages based on cognitive development 
according to ages, namely sensory-motor, pre-operational, concrete operational and 
formal operational (Berger, 1998; Ojose, 2008). 
 
For the purpose of this study the concrete operational and formal operational stages of 
development should be considered because of the ages of the learner participants in the 
study. 
 
The Concrete Operational stage of development (7-11 years) 
The concrete operational stage is characterized by cognitive growth, and the 
development of language and acquisition of basic skills accelerate dramatically (Ojose, 
2008). The concrete operations stage recognizes a child between the ages of seven to 
eleven years. A child would be able to think logically, and start classifying based on 
several features and characteristics rather than solely focusing on the visual 
representation (Ojose, Bobby: 2008). The child in this stage will also have the skills to 
16 
 
make basic observations and routine measurements which increases the ways they 
classify objects/ situations (Blake, 2008). 
 
The Formal Operational Stage (11 years to adult) 
The last stage of development that Piaget identifies is the formal Operations stage, which 
children enter roughly between the ages of eleven to sixteen years old and continues 
throughout adulthood (Richmond, 1970). Reasoning skills in this developmental stage 
involve generalizing and evaluating of logic arguments, which include clarification, 
inference, evaluation and application. Clarification requires students to identify and 
analyse elements of a problem. Learners‘ mathematical understanding can be enhanced 
by encouraging them to extract relevant information from problem statements (Ojose, 
2008). 
 
Orton (2004, p:53) states: ―Many mathematical ideas require the kind of thinking 
skills which Piaget has claimed are not beginning to be available until the onset 
of the formal operational stage. It does not matter how carefully and 
systematically the teacher might try to build up a pupil’s capabilities and 
knowledge – it is impossible to introduce concepts dependent on formal 
operational thought before the puplils has moved into that stage. The pupil is not 
yet ready for such abstract ideas. Pupils might, of course, be able to grasp the 
beginnings of an abstract idea in an intuitive or concrete way, but they cannot 
appreciate the idea as the teacher does. Explanations by the teacher will fail to 
make any impact unless such explanations are dependent only on skills available 
to pupils at the concrete operational stage‖.  
 
In order for a child to develop a mathematical capability they must be allowed ample 
opportunity to act on the environment without being restricted by the teacher. Teachers 
should not just use one single teaching strategy or teaching approach. 
 This restricts learners in building concepts (Piaget,  1972). 
Teachers teaching learners who are in the sensorimotor stage should try by all means to 
lay a solid mathematical foundation by providing activities that incorporate counting. 
Providing counting activities will help enhance children‘s conceptual development of 
number so that when they reach the formal operational stage they are able to construct 
their own mathematics and develop abstract though patterns where reasoning is used.  
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In order for any child to develop abstract ideas, they need to develop cognitively first. 
According to Burns & Silbey (2000) a teacher can help a child develop cognitively by 
providing hands-on experiences and multiple ways of representing a mathematical 
solution can also be another way of fostering the development of this cognitive stage. 
When children are given hands-on activities they are encouraged to and given the 
opportunity to make abstract ideas more concrete. When a learner‘s abstract ideas 
become concrete it allows them to get their hands on mathematical ideas and concepts 
which could be useful tools for solving problems.  
 
2.3 Mathematical Pedagogy 
Effective teachers plan mathematics learning experiences that enable students to build 
on their existing proficiencies, interests, and experiences. It is very important for teachers 
to connect learning to what students are thinking.  
In planning for learning, effective teachers put students ‗current knowledge and interests 
at the center of their instructional decision making. Instead of trying to fix weaknesses 
and fill gaps, they build on existing proficiencies, adjusting their instruction to meet 
students‘ learning needs. Because they view thinking as ―understanding in progress‖, 
they are able to use their students‘ thinking as a resource for further learning. Such 
teachers are responsive both to their students and to the discipline of mathematics. 
 
Shulman (1986) defines pedagogical content knowledge as consisting of (a)knowledge of 
ways of representing and explaining a subject to make it comprehensible and (b) 
knowledge of students‘ thinking, in particular, knowledge of the conceptions, 
preconceptions, and misconceptions students bring to the learning of a subject that make 
it easy or difficult to learn. Shulman (1986) proposed seven categories of knowledge that 
make it possible for teachers to teach and deal with more than practical knowledge – 
knowledge of content, general pedagogical knowledge, curriculum knowledge, 
pedagogical content knowledge (PCK) , knowledge of students, knowledge of 
educational contexts and knowledge of educational ends, purposes and values. He 
emphasized PCK as a key aspect to address in the study of teaching. In other words, 
pedagogical content knowledge should become integrated within the roles and functions 
of instruction. 
Carpenter &Fennema (1992) proposed that the knowledge not only provides a basis for 
understanding students‘ thinking; it also can provide a framework for teachers‘ 
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knowledge of mathematics and curriculum, and it provides a content in which teachers 
can apply general pedagogical knowledge. 
 
Effective teachers take student competencies as starting points for their planning and 
their moment- by- moment decision making. Existing competencies, including language, 
reading and listening skills, ability to cope with complexity, and mathematical reasoning, 
become resources to build upon. 
Experientially real tasks are also valuable for advancing understanding. When students 
can envisage the situations or events in which a problem is embedded, they can use 
their own experiences and knowledge as a basis for developing context-related 
strategies that they can later refine into generalized strategies.  For example, young 
children trying to work out how to share three pies among four family members will 
typically use informal methods that pre-empt formal division procedures. 
 
 
2.4 Mathematical Cognition 
Mathematical cognition is a mental activity that is complex and is responsible for 
accomplishments such as identification of relevant quantities, codification of the 
quantities into representations, mental comparisons and calculations (Campbell, 2005; 
Baroody & Dowker, 2003). 
According to Luneta (2013) children learn mathematics through mathematical 
explorations and experiences provided by the teacher and the environment. The 
knowledge and interest that children show about number and shape and other 
mathematical topics provide important opportunity for parents and teachers to help them 
develop their understanding for mathematics (Seo and Ginsburg, 2004). 
Mathematical cognition involves a variety of complex mental activities such as 
identification of relevant quantities, encoding or transcribing those quantities into an 
internal representation, mental comparisons and calculations (Miyake & Shah, 1999, 
p.450).  
According to Campbell (2005) mathematical cognition will involve working memory. 
Working memory encompasses those mechanisms or processes that are involved in the 
control, regulation, and active maintenance or task-relevant information in the service of 
complex cognition. Working memory and short-term memory are distinct constructs 
(Kintsch et al, 2001). Short-term memory involves storage of information (e.g. 
remembering a short grocery list), whereas working memory involves both storage and 
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processing and is central to effortful mental activity (Kail & Hall, 2001; Miyake &Shah, 
1999) 
 
2.5 Working memory in Mathematics 
Memory consists of a variety of cognitive systems. Chief among these are semantic 
memory (our genetic, factual knowledge about the world), episodic memory (our ability 
consciously to retrieve autobiographical happenings from the past), implicit or procedural 
memory (such as habits and skills), and working memory (our short-term store). 
Memories that can be brought consciously and deliberately to mind are called 
declarative, whereas knowledge that is usually indexed by changes in performance (for 
example riding a bicycle) is called implicit memory (Goswami, 2015).  
Associative learning and habituation are also implicit or procedural. Visual recognition 
memory is well-developed in young children. For example, Brown and Scott (1971) 
showed children aged from 3-5 years a series of 100 pictures, and found recognition 
memory on 98 percent of trials. Goswami (2015) states that declarative episodic 
memories develop more slowly and that children as well as adults construct declarative 
memories, and therefore prior knowledge and personal interpretation affect what is 
remembered. The memory system for short-term recall is usually called working memory 
(Goswami, 2015); which states that working memory is a limited capacity ‗workspace‘ 
that maintains  information temporarily while it is processed for use in other cognitive 
tasks, such as reasoning, comprehension and learning (Baddeley and Hitch, 1974). 
Research has found that working memory increases as children get older, tending to 
plateau during the teenage years. Although there are both visual and phonological 
(sound-based) working memory systems, most developmental research has focussed on 
the phonological system, as even visually- presented material is often translated into 
speech-based codes for short-term retention (e.g telephone numbers). The amount of 
material that can be stored temporarily in this speech-based system increases with age 
(Goswami, 2015). 
Goswami states in her research report tilted: Children’s Cognitive Development and 
Learning (2015) that the developmental causes of poor working memory are currently not 
well-understood and that the quality of social and intellectual learning environment at 
home do not seem to relate to individual differences in working memory. Furthermore the 
development of working memory is important for the development of metacognition and 
the development of reading. 
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Working memory is the ‗mental thinking space‘ in which students manipulate or act on 
aspects of their knowledge during mathematics knowledge or while completing 
mathematics tasks and problems. It is the activity students engage when they 
interpreting teaching information using knowledge they retrieve from long term memory, 
when they retain and link partial mathematics ideas to synthesize new mathematics 
knowledge and when they direct their learning and thinking activity to compute or solve 
mathematical problems.      
Baddeley and Logie, 1999 identifies a multi-component model of working memory where 
they give various processes; 
1. The temporary retention of relevant mathematics information, either in a ‗visual–spatial 
sketchpad‘ (for visual spatial information) or a ‗phonological loop‘ (for retaining verbal 
information).   
2. The manipulation of relevant ideas to form new knowledge using the appropriate 
cognitive activity in a ‗central executive‘  
3. The retrieval of aspects of the person‘s existing knowledge, used as a foundation for 
interpreting the teaching information and for building new knowledge.   
These components are shown in the following diagram:   
 
 
Figure 1: Multi component working memory model (Baddeley and Logie, 1999)  
 
Baddeley further states that it would seem intuitively reasonable to expect that successful 
mathematics learning would require students to make efficient use of their working 
memory.  It is perhaps not surprising for example,  that the phonological loop is 
implicated in more tasks that involve strategy use based on counting down strategies for 
subtraction problems (Imbo and Vandierendonck, 2007) than in tasks that require single-
digit multiplication recall from long-term memory (De Rammelaere et al., 2001). 
Children with math difficulties differ from their peers without difficulties in each aspect of 
their working memory processes; in verbal working memory, in static and/or dynamic 
visual–spatial memory processing, in numerical working memory and in backward digit 
span tasks.  Given a lack of consistency across studies about how to measure the 
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components of verbal and visual– spatial working memory,  you can see  various trends 
across the age span of school (Munro, 1998)  for example,    
1. Executive and visual–spatial memory processes are used more during learning new 
mathematical skills/concepts and the phonological loop processes after a skill has been 
learned.   
2. Longitudinal studies suggest that some executive processes may be more generic in 
terms of supporting learning, while others, such as visual–spatial working memory may 
be more specific to early mathematical learning and verbal processes become more 
prominent at older ages   
3. Different aspects of working memory mediate different aspects of mathematical 
performance for dyscalculic children.  
4. Working memory is linked with other factors in mathematics learning such as students‘ 
ability to use and focus their ‗learning attention‘.  Dyslexic students frequently have 
difficulty investing attention in what they are learning (Fletcher, 2005; Zentall, 2007).  
They also have difficulty automatizing what they are learning so that, on later occasions, 
the knowledge makes a lower demand on thinking space.    
 
Munro (1998) reports that a clear understanding should exist in teachers aspects of 
working memory which are deficient in children with math difficulties that is obscured by a 
lack of precision in knowing the particular strategies and processes that the child brings 
to bear on working memory tasks (possibly as a function of age and language) and a 
theory that links these working memory processes to particular aspects of mathematical 
learning and performance.   
It can be concluded from the discussion that working memory plays a crucial role in the 
learning process. However, in mathematics classes, much more is needed than simply 
using working memory space to hold the information. The ability to distinguish between 
important or relevant items from unimportant or irrelevant ones, and the ability to choose 
between the various techniques that are stored in the long-term memory are required to 
solve any mathematics task. This ability to select what is important or relevant for a task 
in hand is called field dependency (Witkin et.al, 1977). 
 
2.6 Cognitive Representations for numbers and Mathematics 
It is widely believed that a critical precursor for mathematical competence is the ability to 
mentally generate and understand the number line (Case & Okamoto, 1996). 
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Dahaene‘s (1997, 2003) hypothesis that inherent representations of smaller quantities 
and increasingly compressed as magnitude increases has motivated many 
developmental studies of children‘s number line learning. 
 
2.6.1 Explicit and Tacit knowledge 
Schoenfeld (1987) states that a cognitive model of a task has to include hypotheses 
about the properties of tacit knowledge as well as explicit knowledge. He defines explicit 
knowledge as knowledge that corresponds directly to things we can discuss and 
observe. Tacit knowledge is defined as knowledge that is not ―set out in written words or 
maps, or mathematical formulae‖ – we do not know how to display it directly, therefore 
tacit knowledge can only be communicated implicitly as an unseen and unanalysed 
component of performance. 
According to Bundy (1975) tacit knowledge exists ―between the lines‖ hence teachers 
find it difficult to teach. 
 
Explicit hypotheses about tacit knowledge have also been found to be a resource for 
strengthening students‘ metacognitive understanding and skill. In most cases we find that 
students who succeed in a task is not aware of the processes that depend on their tacit 
knowledge, but if they could be made aware of the explicit hypothesis that is involved in 
those processes, than it could increase their awareness of their own cognitive processes 
and provide more opportunities to monitor and evaluate their own progress in 
understanding and learning (Gagnѐ & Briggs, 1979). 
Tamburino (1982) shows examples of diagrams which were used for eight kinds of 
problems in an instructional study (see figure 2). 
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Figure 2: Diagrams for illustrative word problems in Lindvall's system (Tamburino, 1982) 
 
The Change Increase pattern represents Transfer-In problems such as ―Sue had 5 
pencils. She got 4 more pencils. How many did she have then?‖ 
The Change Decrease pattern is used for Transfer-Out problems such as ―May had 7 
cookies. She then ate 3 of them. How many did she have left?‖  
The Combine and Separate patterns represent problems that are understood with the 
Part-Whole schema. The Combine pattern represents problems such as "Ann had 3 
apples. Jill had 4 apples. How many apples did they have altogether?" 
The Separate pattern represents problems such as ―Together Bob and Tony had 8 toy 
cars. 3 of these were Bob's. How may did Tony have?‖  
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The Compare pattern is used for problems such as ―Rick had 6 kites. Dan had 8 kites. 
How many more kites did Dan have than Rick?" and ―Len had 5 books. Rita had 9 books. 
How many less books did Len have than Rita?‖  
 
According to Kintsch and Greeno's (1985) model, these problems are understood with 
the comparison schema. The Equalize patterns combine features of comparison and 
change. They are thus understood with the comparison and transfer schemata.  
Equalize take away is used for problems such as ―Jim had 4 cookies. Al had 7 cookies. 
How many cookies would Al have to eat to have as many as Jim?‖ 
Equalize add on represents problems such as ―Sally had 8 rings. Jan had 5 rings. How 
many more would Jan have to get to have as many as Sally?‖ (Tamburino, 1982). 
 
2.7 How children learn Mathematics 
According to Piaget (1970), logical and mathematical abilities are progressively 
constructed in the baby‘s mind by observing, internalizing and obstructing regularities 
about the external world. At birth, the brain is a blank page devoid of any conceptual 
knowledge. Genes do not grant the organism any abstract ideas about the environment 
in which it will live (Dehaene, 2011,p.31). Dahaene (2011) states that genes merely instil 
simple perceptual and motor devices, and a general learning mechanism that 
progressively takes advantage of the interactions of the subject with its environment to 
organise itself.  
When babies are guided to discover new things, they progressively construct a series of 
ever more refined and abstract mental representations of the world in which they are 
growing up. 
The more stimulation children receive in their environment, the more they can interact 
with the things around them. The more interaction a person has with the environment, 
the more diversified neural connections are made (Hatfield et al, 2008). These 
connections form networks. These growing networks are how we learn.  
According to Piaget and Vygotsky children must be allowed to experiment physically with 
the things around them if they are to learn.   
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Figure 3: Learning Theories with Implications for Mathematics Instruction (Hatfield et al, 
2008) 
Figure 3 outlines the learning theories through two approaches namely learning which 
involves action and learning as a process. 
 
Piaget and Vygotsky believe that active learning builds mental structures. 
Piaget and his colleagues speculated a good deal about how the concept of number 
develops in young children. They believed that number, like any other abstract 
representation of the world, must be constructed in the course of sensorimotor 
interactions with the environment. Children are born without any preconceived idea about 
arithmetic. It takes them years of attentive observation before they really understand 
what a number is. By hint of manipulating collections of objects, they eventually discover 
that number is the only property that does not vary when objects are moved around or 
when their appearance changes (Dehaene, 2011, p.31). 
Piaget (1970) postulates that mental activity is mathematical in character. A basic 
mathematical model is that of the group. 
 
A group according to Piaget may be thought of as a mathematical system involving the 
properties of closure, commutativity, associativity, an identity element and reversibility 
(an inverse element or operation). The property of reversibility, for example is necessary 
for understanding number and logical thinking. Piaget states clearly that this does not 
occur in children‘s thinking until they are six or seven years of age. Reversibility is 
necessary for the idea of conversation. For example, children observe liquid being 
poured into different- shaped containers and think there is more or less liquid based on 
the shape or the number of containers. Perception of what they ―see‖ is their rationale. 
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They cannot reason that the liquid could be poured back (inverse) and would then be the 
same as it originally was (identity). 
Concerning children‘s thinking, Piaget uses the term ―operations‖ for activities of the mind 
children pass through two basic stages of ability to think logically (Piaget, 1970, p.11). 
These two stages are the concrete operations period, from 7-11 years of age, followed 
by the formal operations period. The difference in these two periods is that in the 
concrete operations stage children‘s logical thinking must be based on actions performed 
on objects or things (concrete), while at the formal operations level children can reason 
at the abstract or hypothetical level using symbols and not requiring physical 
experiences. 
 
In conclusion Piaget (1965) understands learning as a process of conceptual growth 
which requires the formation and reorganization of concepts in the mind of the learner; in 
other words the knowledge the teacher transfers to a learner needs to continually be 
reconstructed and this can only happen if the learner is doing mathematics, so 
continuous practicing and repetition of number operations need to take place for 
successful conceptual growth in learners. 
 
2.8 Number Operations  
The four basic number mathematical operations, addition, subtraction, multiplication and 
division have application even in the most advanced mathematical theories. Thus 
mastering them is one of the keys to progressing in an understanding of math and 
specifically algebra (Southall, 2017). 
Before differentiating instruction in number and operations, it is useful for a teacher to 
have a sense of how understanding of number develops over the grade bands (Small, 
2015).  
Children between the ages of 5 and 8 usually grade R to grade 2 move from counting 
and comparing very simple numbers, usually 10 or less, to counting, comparing, 
modelling and interpreting numbers. They move from counting to determine sums in 
simple joining situations and differences in simple subtraction situations to thinking more 
formally about adding and subtracting.  
 
Children between the ages of 9 and 11 (Grade 3 to grade 5) begin to focus increasingly 
on multiplying and dividing whole numbers using a variety of strategies to calculate and 
estimate products and then quotients (Small, 2015). According to Small (2015) this is the 
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stage where learners commit multiplication and related division facts to memory and 
become more fluent with algorithms for multiplying and dividing multidigit whole  
numbers, and solve problems that represent a variety of meanings of multiplication and 
division. 
This is also the grade band in which learners begin to develop a greater understanding of 
fractions, first modeling, representing and comparing them and later using equivalent 
fractions to simplify the task and to add and subtract fractions (Small, 2015).  
Small (2015) reported that although learners start to multiply fractions and start to use 
decimal notation to represent numbers; it has been found that they are not fluent in doing 
so. Learners experience great difficulty when working with decimal numbers. Learners 
are taught to compute with decimals to solve problems that require operations, but many 
teachers have reported that learners struggle with this.  
 
Children between the ages of 12 and 14 (Grade 6 to grade 8) extend their understanding 
of fractions and decimals to situations involving division of these values (Small, 2015). 
During this grade band learners increasingly work with ratio and proportion, particularly, 
but not exclusively, in percentage situations. Learners also begin to work with more 
abstract values, including negative integers, rational numbers and exponents.  
 
Mastery of the number concepts and number relationships in the middle grades appears 
to require a reconceptualization of number, a significant change from the primary grades 
in the way number is conceived (Harel and Confrey, 1994), taking into account how the 
nature of number  changes from grade to grade is not surprising that significant cognitive 
reorientations are needed to construct and comprehend these changes.  
 
Reys and Yang (1998) define number sense as a person‘s general understanding of 
numbers and operations. It also includes the understanding of flexible ways to make 
mathematical judgements and to develop useful strategies for handling numbers and 
operations. It reflects an inclination and ability to use numbers and quantitative methods 
as a means of communicating, processing, and interpreting information. 
Reys and Yang (1998:226) quoted the National Council of Teachers of Mathematics 
standard document (1989) ―…children with good number sense , well understood 
meanings can recognise the relative and absolute magnitude of numbers, appreciate the 
effect of operating on numbers, and have developed a system of numerical benchmarks‖. 
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Hatfield et al. (2008) state that an understanding of the meanings of operations must be 
developed along with knowledge of basic number combinations and children should 
make use of manipulatives to discover number patterns and relationships. He also states 
that as children acquire operation sense, a solid conceptual framework will be 
established on which to build the basics facts and later, the algorithms.  
 
2.8.1 Understanding Mathematics  
Before we consider how to react to our learner‘s view of mathematics, we need to 
consider what is meant by understanding; understanding is a word with many different 
meanings (Schoenfeld, 1987). Here too there is a difference between professional 
mathematicians and first year graduates, In most students minds, understanding is being 
able to visualise concepts and the relationships between them. The notion which 
mathematicians might call, or include in, understanding – knowing the theoretical and 
logical connections between concepts – is not what most learners mean by 
understanding (Krantz, 2000).  
 
According to Krantz (2000) the visual form to students understanding precedes the more 
theoretical version. Thus, to take students toward a rigorous thiking, we must first 
establish a solid intuitive, visual understanding. Haylock (2008) asserts that 
understanding involves establishing connections and these connections are made 
between four key components of children‘s mathematical experience: symbols, pictures, 
concrete situations and language. 
 
The main goal of teaching should be to provide activities and experiences that will enable 
learners to build understanding. According to Cathcart et al (2003) learners can exhibit 
understanding through at least four higher - level cognitive processes namely: 
application, noting relationship, transformation and transfer. 
 
Application involves using concepts in related but somewhat different problems, for 
example a typical mortgage will use the compound interest formula to determine how 
much interest needs to be paid each month. 
Transformation involves taking a problem or idea in one form and representing it in 
another form, for example constructing an angle or a graph or drawing a diagram. 
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Teaching instruction should encourage learners to make translations between modes of 
representation as it enhances learners‘ understanding. It is widely recognized that 
understanding is an important part of problem – solving success (Schoenfeld, 1987), who 
also states that elementary mathematics texts emphasize the importance of 
understanding the problem, but most texts offer little advice for the student other than to 
read the problem carefully and think about which arithmetic operation to use. Algebra 
texts often have a unit on translating sentences into equations, but the process of 
translation assumes knowledge of the meaning of what is translated, and most texts 
provide little help in characterizing these meanings (Schoenfeld, 1987).   
 
2.8.2 How teachers teach number operations 
The specific mathematical skills set out in the CAPS document (2011) for the foundation 
Phase, Intermediate Phase and Senior Phase is that learners should:   
 Develop the correct use of the language of mathematics 
 Develop number vocabulary, number concept and calculation and application 
skills. 
 Learn to listen, communicate, think, reason logically and apply the mathematical 
knowledge gained. 
 Learn to investigate, analyse, represent and interpret information. 
 Learn to pose and solve problems; and  
 Build an awareness of the important role that Mathematics plays in real – life 
situations, including the personal development of the learner. 
 
These are all important and essential mathematical skills that all learners need to 
develop in order to be competent and confident with numbers and calculations. 
The weighting of mathematics content areas serves two primary purposes: firstly the 
weighting gives guidance on the amount of time needed to adequately address the 
content within each content area adequately; secondly the weighting gives guidance on 
the spread of content in assessment (especially end of the year summative assessment). 
The weighting of the content areas is not the same for each grade in the Foundation 
phase and in the Senior Phase (See Figure 4, 5 and 6).  
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Figure 4: Weighting of Content Areas in Foundation Phase CAPS (2011)  
 
 
Figure 5: Weighting of Content Areas in Intermediate Phase CAPS (2011) 
 
 
Figure 6: Weighting of Content Areas in Senior Phase CAPS (2011) 
 
In all three phases Number operations and Relationships is the main focus of 
Mathematics from grade 1 to grade 7. Learners need to exit each phase with a secure 
number sense operational fluency. 
The time that teachers spend teaching number operations has also been increased in the 
CAPS document (2011), thus educators need to ensure that sufficient time is spent 
teaching learners the necessary skills since all other content areas need a strong 
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foundation or background for number operations to ensure sufficient numeracy when 
moving from one phase to the next. 
 
Content Focus for Number Operations 
The general content focus for number operations and Relationships within the CAPS 
document wants teachers to develop a number sense in learners that include: 
 The meaning of different kinds of numbers. 
 The relationship between different kinds of numbers  
 The relative size of different numbers 
 Representation of different numbers in various ways 
 The effect of operating with numbers and;  
 The ability to estimate and check solutions 
 
To assess learners the NCS (2012) states four cognitive levels as suggested in the 
TIMSS study of 1999, which should be used to guide all assessment tasks. They are:  
1. Knowledge: 
2. Routine Procedures:  
3. Complex Procedures: 
4. Problem solving: 
 
2.9 Instructional Strategies 
When making sense of ideas, students need opportunities to work both independently 
and collaboratively. At times they need to be able to think and work quietly, away from 
the demands of the whole class. At times they need to be in pairs or small groups so that 
they can share ideas and learn with and from others. And at other times they need to be 
active participants in purposeful whole-class discussion, where they have the opportunity 
to clarify their understanding and be exposed to broader interpretations of the 
mathematical ideas that are the present focus (Anthony G, & Walshaw M, 1986). 
 
According to Moore (2004), successful teachers draw from a variety of strategies in 
accomplishing their instructional purposes. Strategies should be selected that best serve 
the delivery of content and achievement of the purposes and objectives.  
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Cognitive strategies are useful tools in assisting students with learning problems. The 
term ―cognitive strategies‖ in its simplest form is the use of the mind (cognition) to solve a 
problem or complete a task. Cognitive strategies may also be referred to as procedural 
facilitators (Bereiter & Scardamalia, 1987). 
Cognitive strategies provide a structure for learning when a task cannot be completed 
through a series of steps. For example, algorithms in mathematics provide a series of 
steps to solve a problem. Attention to the steps results in successful completion of the 
problem. In contrast, reading comprehension, a complex task is a good example of a 
task that does not follow a series of steps. 
A cognitive strategy serves to support the learner as he or she develops internal 
procedures that enable him/her to perform tasks that are complex (Rosenshine, 1997). 
 
Teaching strategies are supposed to serve the teaching situation. Some strategies 
influence students directly, whereas others influence students indirectly; that is some 
strategies emphasise focused, teacher – directed instruction, whereas others involve 
students actively in their own learning.  
 
The different instructional strategies are compared and discussed in detail.  
 
2.9.1 Direct and Indirect Instruction 
According to Moore (2009) there are two major ways of delivering instruction/ teaching: 
directly or indirectly. The direct delivery of instruction ―telling‖ is the traditional or didactic 
mode, in which knowledge is passed on through the teacher, the textbook, or both. 
The indirect method of instruction is ―showing‖/ demonstrating, this method provides 
learners with access to information and experiences whereby they develop knowledge 
and skills. 
The demonstration is the method in which the teacher or another designated individual 
stands before the class, shows something and tells what is happening or what has 
happened or asks students to discuss what has happened (Moore, 2009). A 
demonstration according to Moore (2009) is the process whereby the teacher makes use 
of materials as well as displays to make the information transmitted to learners 
accessible. 
Although it is found that when demonstrations are done only the teacher is actively and 
directly involved with the materials, learners enjoy demonstrations because they are 
actively involved in the learning activity rather than just merely talking about it. 
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Moore (2009) states that a classroom demonstration can be done through any technique, 
this can be the teacher demonstrating steps in how to solve a mathematics problem, a 
teacher using the internet to show the demonstration, or even by a sequence of pictures. 
Whatever technique is chosen, a demonstration should be accompanied by a verbal 
explanation or follow – up discussion. 
 
2.9.2 Discussion as a teaching strategy 
Discussion is an orderly process of face- to- face group interaction in which people 
exchange ideas about an issue for the purpose of solving a problem, answering a 
question, enhancing their knowledge or understanding or making a decision (Killen, 
1998).  
 
Bridges (1979, 1988, 1990) suggests that in order for an exchange of ideas to be called a 
discussion, it should satisfy five logical conditions: people must talk to one another, listen 
to one another, and respond to one another. Further they must be collectively putting 
forward more than one point of view, and they must have the intention of developing their 
knowledge, understanding or judgement of the issue under discussion. 
 
Bridges (1990) states that many of the classroom activities that teachers intend as 
classroom discussions fall short of one or more of the criteria mentioned above. 
2.9.3 Group work  
Minimum teacher intervention is the key when group work is done in class. This does not 
mean that learners are left to their own devices to learn whatever they like from 
discussion; it means that as a teacher one should structure the learning environment so 
that the students can interact productively under your direct guidance. 
 
Killen (1998) states that this teaching strategy offers greater opportunities for learners to 
learn in some circumstances. Certain topics are learned faster by learners when working 
in groups than opposed to whole-class teaching. 
 
Group work can be viewed as a modification of whole- class discussion (Killen, 1998). 
The factors that help to make whole – class discussion successful are: 
 A clear focus on student learning 
 Preparation of (and by) the students 
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 A clear set of guidelines for students 
 Management of the learning environment 
 Teacher should give direction 
 Ensure that there is willing participation by all learners 
 Teacher should monitor and give feedback 
 Time management by the teacher and learners 
 A logical conclusion 
Group work gives students the opportunity to learn important social and cognitive skills 
from each other (Moore, 2009).  
 
2.9.4 Co-operative learning 
Co-operative learning is both an instructional technique and a teaching philosophy that 
encourages students to work together to maximise their own learning and the learning of 
their peers (Killen, 1998) 
 
According to Johnson & Johnson – Holubec (1993) students who work co – operatively in 
small groups do not necessarily co – operate to maximise their own learning and to 
maximise the learning of others in their group. 
 
Co –operative learning can be used as part of a constructivist learning environment. The 
small group of learners must work together to complete a task or solve a problem. There 
are different ways to implement cooperative learning, but there seems to be four 
common elements. 
 
1. The members of the group perceive that they are part of a team and they have a 
common goal. 
2.  The members of the group will realize that the problem they have to solve is a 
group problem and the success or failure of the group will be shared by the group 
members. 
3. To accomplish the group‘s goal the learners need to talk to each other and 
discuss the problem. 
4. Individual work by the members will influence the group‘s success Cathcart et al, 
2005).  
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According to Swan (2004), Piaget held the view that individuals need time to interact with 
their environment, which include a social environment (teacher and other learners) in 
order to construct concepts through assimilation and accommodation. 
 
According to Piaget‘s theory the most effective form of social interaction is cooperation 
among equals in which they try to understand and modify each other‘s point of view. If 
the learners are not equal partners they might resign their position too easily and accept 
the partner‘s view (Swan, 2004) 
 
According to Moore (2004) cooperative learning has been found to promote higher level 
learning and it fosters a positive impact on intergroup relations, self – esteem, attitude 
toward school, and acceptance of children with special educational needs (Slavin, 1995). 
 
2.9.5 The Socratic Method and Problem solving as a teaching strategy 
The inquiry demonstration can be viewed as being similar to the Socratic Method, this 
method being a method where students observe the demonstration in silence (Moore, 
2009). The observations are then followed up with teacher questioning or with a 
discussion of what was observed. Students are asked to think logically, make inferences, 
and reach conclusions. 
The Socratic method derives its name from its ascribed adherent, Socrates. It is a 
technique of using a questioning – and – interaction sequence designed to draw 
information out of students, rather than pouring it into them (Moore, 2009).  
When teachers use this method they make use of verbal communication and teaching is 
very interactive whereby the teacher would ask questions and in doing so, leading 
learners into a logical contradiction. 
 
Socrates follows a general pattern: 
1. A broad, open – ended question that most students can answer is asked first. 
2. A second questioning sequence begins to narrow the range of responses and 
focuses the students‘ thinking onto the topic of the questioning strategy. 
3. Review lectures and/ or statements are interspersed among the questions in order 
to keep the salient points in the forefront. 
4. A concluding question then brings students to the desired endpoint.  
According to Moore (2009), the Socratic method is a process in which ideas are debated 
in a back – and- fourth discussion until some recognizable clarity (the light) is reached. 
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When a teacher wants to use problem solving as a teaching strategy they would firt need 
to teach their learners how to solve problems. 
I will not be discussing how to teach students to solve problems but rather how to learn 
mathematics through problem solving. 
Problem solving can be used as a teaching strategy in many different ways but the key 
features according to Killen (1998) are: 
 Students work individually or in small groups. 
 Their learning task is one that requires some realistic problem to be solved – it 
would be preferred that the problem has many different solutions. 
 Students use multiple different approaches to learning. 
 The result of the problem solving should be shared with all the students involved. 
 
Problem solving as a teaching strategy can help students to realise that the knowledge 
they have already gained can be applied to new situations, and that this process can 
help them to gain new knowledge (Killen, 1998). 
The difference between teaching problem solving and using problem solving as a 
teaching strategy is discussed by Killen (1998) as ―teaching problem solving is exactly 
that – teaching students how to solve problems‖. 
As a mathematics teacher this is something that one does quite frequently. 
 
Problem solving as a strategy is a technique in which problems are used deliberately as 
a means of helping students to understand or gain insight into the topic or subject they 
are studying (Killen, 1998).  
Problem solving as a strategy is about learning through solving problems and teachers 
need to know this as it will help in selecting the sort of problems they are to use in their 
teaching. 
 
―By its very nature, to solve a problem one must think about the problem; choose, try, 
and test strategies for solving it; and finally find an answer. To be told how to solve a 
problem immediately reduces it to an exercise‖ (Van de Walle & Holbrook , 1987, p.6). 
Teachers are encouraged to allow children to think independently before any assistance 
is given to solving a problem. 
 
37 
 
2.9.6 Student Research and Concept Attainment 
Howard & Sharp (1983) define student research as ―seeking though methodical 
processes to add to one‘s own body of knowledge and hopefully, to that of others, by the 
discovery of non – trivial facts and insights‖ Howard & Sharp (1983) 
Both these definitions of student research suggest that research has two important 
components: 
1. Enquiry that is carried out systematically and purposefully. 
2. Enquiry that focuses on revealing some new knowledge. 
 
Research is a systematic process whereby students gather information, interpret it and 
then reaching some conclusions based on the information that was gathered. 
Killen (1998) state that before teachers use student research as a teaching strategy, they 
must decide why they want learners to gather information, decide what they want 
learners to gather information about and make it possible for them to gather this 
information. 
Learners should be helped to interpret the information they find, and respond to the 
conclusions they reach. 
 
Killen (1998) states that although student research is a student – centred approach to 
learning, it is not something that a teacher should expect students to do totally 
independently.  
Murray (1984) has the following to say about student research ―The research process for 
school students, should be primarily a guided, structured experience. It is not something 
that just happens or that students just do. Neither is it the mindless copying of material 
from encyclopaedias that is often described as ―project‖ work in primary schools‖.   
It is the systematic use of available data sources. ―Interpretation‖ in the sense that 
students are left to make their own conclusions from data needs to be carefully mediated 
by the teacher and controlled by the purposes and objectives of the individual lesson 
plan and units of work. 
 
Teaching students to solve problems is necessary, but not sufficient for helping them to 
learn about the subject they are studying though problem solving.  
Likewise, teaching students how to do research is necessary, but not sufficient for 
helping them to learn about the subject through research. 
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Concept attainment is an instructional strategy that uses a structured inquiry process. 
This strategy is based on the research of Jerome Bruner (1977) and his associates. In 
concept attainment, students figure out the attributes of a group or category that has 
been provided by the teacher. To do so, students compare and contrast examples that 
contain those attributes.  By observing these examples, students discuss and identify the 
attributes of each until they develop a tentative hypothesis (definition) about the concept. 
Next, students separate the examples into two groups, those that have the attribute and 
those that don‘t. this hypothesis is then tested by applying it to other examples of the 
concept (Moore, 2009). 
 
The examples that can be applied could be symbols, words, passages, pictures or 
objects. When concept attainment is used students should be able to demonstrate that 
they have attained the concept by generating their own examples and non-examples. 
The concept attainment strategy takes more time to plan, prepare materials, and carry 
out than some of the other strategies. 
 
2.10 Cognitively guided instruction 
Cognitively guided instruction (CGI) is a professional development program based on an 
integrated program of research focused on the development of students‘ mathematical 
thinking; instruction that influences that development; teachers knowledge and beliefs 
that influence their instructional practices and the way that teachers‘ knowledge, beliefs, 
and practices are influenced by their understanding of students‘ mathematical thinking 
(Carpenter, Fennema, Franke, Levi, & Empso, 1999). 
Teaching is a complex problem-solving activity that cannot be understood only by looking 
at the activities that teachers engage in as they teach. As with any problem solving 
activity, teacher‘s actions are governed to no small degree by the knowledge they bring 
to a situation. Shulman (1986) has famously stated that a teacher must ―not only 
understand that something is; the teacher must further understand why it is so‖ (p. 9). 
These studies taken in unison suggest emphatically that a teacher‗s subject matter 
knowledge does influence his/her practice including how and how much content is 
presented. In addition, the type of questions asked during class, the activities designed 
and selected in lesson planning as well as the ability to set the foundation for 
connections among mathematical ideas and representations all rely heavily on a 
teacher‗s subject matter knowledge. 
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The Cognitively Guided Instruction program focused on the understanding of children‗s 
thinking and assisted in providing teachers a better knowledge base for mathematics. 
CGI helped teachers formulate models of children‗s thinking in very specific content 
domains including whole number operations, fractions, measurement, and geometry. 
They discovered that when in-service teachers participated in a CGI program, their 
beliefs and instruction saw noticeable changes. These changes ranged from the 
mathematical procedures including problem solving skills used with children in order to 
build on their own mathematical thoughts to the encouragement and enhancement of the 
communication of mathematical skills between teachers and students. The significant 
result of the CGI programs noted that changes in instruction will directly increase student 
achievement. The in-service teachers in these programs were able to extend their 
knowledge directly to their own classrooms and draw upon their own experiences to 
inform their teaching. In programs such as CGI, increase in teachers‘ awareness along 
with subsequent changes in instruction has been shown to increase student achievement 
(Carpenter et al., 1996). 
If teachers were expected to plan instruction based on their knowledge of students‘ 
thinking, they needed some coherent basis for making instructional decisions. CGI helps 
to address this problem as it helps teachers to construct conceptual maps of the 
development of children‘s mathematical thinking in specific content domains (Carpenter, 
Fennema, and Franke 1996). 
 
2.10.1 CGI’s Structure 
CGI utilizes problem-solving scenarios to address the skills of addition, subtraction, 
multiplication, division, comparison and part-part-whole in context as opposed to being 
taught as isolated skills (Carpenter et al., 1999).  Each of these basic math operations is 
further sub-categorized into specific problem types.   
Addition problems, for example, are referred to as ―Join‖ problems.  Join problems are 
further categorized as ―Result Unknown,‖ ―Change Unknown,‖ and ―Start Unknown‖ 
problem types (Carpenter et al., 1999).  An example of a Join Result Unknown problem 
may be as follows:  
Connie had 5 marbles. Juan gave her 8 more marbles.  How many marbles does Connie 
have altogether?  
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Another problem type characterizing subtraction are ―Separate‖ problems which  
are further categorized into ―Result Unknown,‖ ―Change Unknown,‖ and ―Start  
Unknown‖ paralleling the classification for Join problems.  A similar subdivision  
into problem types occurs for multiplication and division problems.   
Table 4 illustrates the various problem types that comprise the CGI framework.  
 
 
 
 
 
Table 1: CGI Problem Types and Examples 
Problem Types Examples 
Join Result Unknown Kenny had 9 ducks.  Joe gave him 6 more ducks.  
How many ducks does Kenny have altogether? 
 
Join Change Unknown Julie baked 19 cookies. Her mother brought over some 
more cookies for the party.  They took 31 cookies to 
the party. How many cookies did Julie‘s mother bring 
for the party? 
 
Join Start Unknown Claudia has the most points scored this season on her 
basketball team.  She scored 24 points in her last 
game.  For the season, she has 362 points. How many 
points did she have before her last game? 
 
Separate Result Unknown Laura had 23 stuffed animals at home.  She gave 8 
away to her younger cousin to make room for new 
toys.  How many stuffed animals does she have left? 
 
Separate Change Unknown Danny decided to give away some coins from his coin 
collection.  He had 53 coins in his collection.  He gave 
some to his friend Tim.  After giving Tim the coins, he 
had 39 coins remaining.  How many coins did he give 
Tim? 
 
Separate Start Unknown Tina is a WNBA fan.  She has had many of the players 
sign autographs for her.  At the Phoenix Mercury game 
on Friday, she got 7 more players to sign their 
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autograph.  She now has autographs from 33 WNBA 
players.  How many autographs did she have before 
the game on Friday? 
 
Multiplication Lesley took out 4 bags to put some pieces of 
Halloween candy.  She put 8 pieces of Halloween 
candy in each bag.  How many total pieces of 
Halloween candy did she have? 
 
Measurement Division The librarian is going to display 35 books on 7 shelves.  
If she places an equal number of books on each shelf, 
how many books will be displayed on each shelf? 
 
Partitive Division The librarian wants to display 35 books.  She plans to 
place 5 books on each shelf.  How many shelves does 
she need to show all her books? 
 
Note:  Adapted from Children‘s Mathematics: Cognitively Guided Instruction.  Carpenter, 
T.P.,Fennema, E.,Loef Franke, M., Levi, L. & Empson, S.B. (1999). 
 
2.10.2 CGI and Direct Modeling 
CGI is designed to help students develop math fact fluency in the context of problem-
solving scenarios.  In the CGI model, strategies progress from ―direct modeling,‖ to 
―counting strategies,‖ to ―derived number facts‖ as the basis for students solving 
problems (Carpenter et al., 1999).  Each successive progression represents increased 
levels of sophistication and efficiency in dealing with numbers.  Direct modeling involves 
students creating physical representations of a problem in order to solve it (Carpenter et 
al., 1999).  
 
2.10.3 Guided Discovery 
Guided discovery is an approach to inquiry– based learning that values both student 
exploration and direct teaching. The overarching goal of this approach is to foster 
collaboration and thoughtful interactions with mathematical concepts.  
 
2.11 Effective Mathematics Teaching 
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Effective teaching is essentially concerned about how to bring about the desired learning 
by some educational activity (Kyriacou, 1990). 
Initial research on this topic focused narrowly on particular characteristics of teachers or 
specific components of teaching. The characterization of teachers' actions as rational 
and reflective, spurred research onto the thinking, planning and theorizing that teachers 
do (Clarke & Peterson, 1986). Teachers are called upon to make decisions while 
teaching (Brown & McIntyre, 1995). This focus on interactive decision-making has been 
supplemented by research on teachers' routines, rules and patterns of practice (Elbaz, 
1983; Leinhardt, 1987). 
The word effective suggests a goal. Siemon et al, 2013 asks the question “What are we 
trying to achieve when we teach mathematics? What do we want to do effectively?  
How a teacher defines effectiveness will have a powerful influence on what his/her 
students come to believe mathematics is all about and how they see themselves in 
relation to it. 
Essentially teaching is regarded as effective if it improves learners‘ achievement by more 
than what would happen if we did not teach them (Siemon et al, 2013).  
 
2.12 Problem solving  
A problem according to Killen (1998) can be defined as any situation in which some 
information is known and other information is needed.  The problem might be something 
that gives rise to doubt or uncertainty, or something that is hard to understand, or a 
difficult task or question, or an inquiry that starts from given conditions to investigate facts 
or principles.   
 
William (1890) defined problem solving as a search that occurs when the means to an 
end do not occur simultaneously with the establishment of the end. Problem solving 
according to him is when one works with a problem but there no guidelines given as to 
how one would arrive at the answer, meaning there is no routine way to get there. 
Problem solving is a very important cognitive activity (Meadows, 1993).  Problem solving 
is one of the most reasons for studying mathematics. But the problems have changed 
significantly from the days of our great great grandparents. 
Today‘s problems can be found in popular culture more than in everyday calculations, 
and we need to be able to reason mathematically in order to interrogate the claims and 
counter- claims that are made in increasingly sophisticated ways. 
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Much of the early research on mathematical problem solving has drawn on the seminal 
work of Polya (1945) on heuristics or general problem solving strategies. Polya pointed 
out that besides knowledge of the subject- matter, problem solving requires the 
application of heuristics, which he defines as ―mental operations useful in solving 
problems‖ (p.130) 
Polya‘s first principle request teachers to ask students questions such as: 
 Do you understand all the words used in stating the problem. 
 What are you asked to find or show? 
 Can you restate the problem in your own words? 
 Can you think of a picture or diagram that might help you understand the 
problem? 
 Is there enough information to help you find a solution? 
 
Polya‘s second principle is to devise a plan. The skill at choosing an appropriate strategy 
is best learned by solving many problems; these strategies are: 
 Guess and check 
 Look for a pattern 
 Draw a picture 
 Eliminate possibilities 
 Solve a simpler problem 
 To use a model 
 To work backwards 
 To use direct reasoning 
 To use a formula 
 To solve an equation and to be ingenious 
 
The third principle is to carry out the plan. According to Polya this step is usually easier 
than devising the plan; he states that one should persist with the plan that was chosen. If 
it continues not to work then it should be discarded and another plan should be chosen. 
Halmos, 1980 states that problem solving is also seen as a high- level skill; it is 
considered to be the heart of mathematics.  
Problem solving is considered a complex activity that requires much more than a simple 
recall of facts and procedures. Boaler (2002) argued that in problem solving various 
mathematical areas have to be linked, which is an action that extends beyond 
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knowledge. Lester and Kehle (2003) claimed that problem solving is a function of several 
interdependent factors such as knowledge acquisition and utilization, control, beliefs, 
affects and various representational modes.  
 
Lesh and Zawojewski (2007) gives a broader  definition of problem solving claiming that 
it is a goal directed activity that entails interpreting a situation mathematically, which 
means modeling. For them problem solving is a complex activity that exceeds the realm 
of school mathematics and ―involves interactive cydes of expressing, testing, and 
revising mathematical interpretations‖(p. 728). 
 
Freire (1993) argues that teachers and students learn mutually from one another through 
their dialogue on relevant problems. As a product of the South-African education system, 
I can recount math instruction where we were required to memorize the process of long 
division.  
  
Figure 7: example of long division problem. 
 
With a long division problem like the one above learners would first need to ask 
themselves how many times does 6 go into 2 (doesn‘t go) so look at the next digit. 
6 goes into 25 four times, so put the 4 above 5. 
Next the learner needs to multiply 6 × 4 = 24 
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It is expected for the learner to know at this point that he/she should take away 24 from 
the 25 to get the remainder (25 – 24 = 1) 
Next the learner should carry down the 0 to make ten  
6 goes into 10 once, so put the 1 above 0. 
Then the learner should multiply 6 × 1 = 6 here too the learner should be taught that 6 
needs to subtracted from 10 to get the remainder (10 – 6 = 4) 
 
This process was then followed for many similar problems as in class or homework 
assignments. Most learners learn and master long division through repetition and 
practise, but this is a skill that the teacher should teach students to master. 
 
A problem – solving approach towards solving challenging math problems acknowledges 
and encourages multiple approaches for arriving at a solution.  
Japan‘s motto for math instruction was classified as ―structured problem solving‖ (Stigler 
& Hiebert, 1990). In a typical lesson in a Japanese classroom, it was common for 
students to present multiple solution strategies to a problem allowing for students to learn 
from one another. Furthermore any errors in reasoning were not instantly corrected by 
the teacher as it is the case in South-African math instruction. Mistakes in Japanese 
lessons were an essential part of the learning process (Stigler & Hiebert, 1999, p.91). 
Students learn mathematics through trial and error, multiple revisions in thinking; all this 
is an inherent part of the human learning process. 
 
Information processing analysis of problem solving suggests four main points (Voss, 
1989). The first point is that problem solving involves a wide variety of different cognitive 
processes, depending on the nature of the problem as well as the practical constraints of 
the problem. Secondly, it is crucial to know the way in which the problem is understood 
by the learners. Teachers should ensure that the information in the problem statement is 
comprehended and that a reasonable representation of the problem is constructed, what 
this involves is the type of question that is being asked eg. what type of problem this is, 
whether all the pieces of information given is important and of use, how this problem can 
then be linked to past or previous problems, and so forth. Thirdly, the skill in dealing with 
problems involves the gradual build-up of both content-based factual knowledge and 
procedural knowledge useful to particular sorts of problems: factual and procedural 
knowledge is thus not quickly acquired. Fourth, the most effective problem solvers in a 
domain have typically developed highly abstract knowledge structures which powerfully 
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organise their declarative knowledge and their handling of problems solving strategies. 
Expert chess players, for example use their extensive experience of specific 
configurations of pieces in selecting and evaluating moves, and they are able to keep 
very large amounts of information in memory, by ‗chunking‘, which overcomes working 
memory‘s limitations, or by rapid accurate access to their long-term memory stores 
(Chase and Simon, 1973). 
 
It has been proven that even young children are capable of systematically solving 
problems, although the ‗strategies‘ they use may be crude or not affective, in many 
scenarios these problem solving ‗strategies‘ may not be put into action because a more 
expert person is present to do the work (Caplan and Hale, 1989). 
 
The amount of decision making performed by students can be classified according to 
three levels of involvement that Moore (2009) refer to as Problem identification, Process 
for solving the problem and establishment of tentative solution to the problem. 
 
  
Figure 8: Levels of problem solving (Moore, 2009) 
 
Level 1 is the traditional teacher directed method, in which the problem as well as the 
processes and procedures leading to an intended conclusion, is provided for the 
learners. 
Level 1 is also referred to as guided problem solving. 
 
Level 2 problems are mostly generated by the teacher but left to the learners to work out 
the process in solving the problem. 
 
In Level 3, learners are the ones who generate the problems and design ways to solve it. 
Moore (2009) refers to this level as open problem solving and states that care should be 
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taken in the amount of independence given to learners as some will be unable to benefit 
from such freedom. 
 
2.12.1 Detecting Problem Structure 
Work by Reed (1987) addressed important aspects of the exemplar account. The logic of 
his approach was straightforward. If stored exemplars from the representation of 
mathematical relations, then people must compare the current problem (i.e., the problem 
they are trying to solve) to an exemplar stored in memory. Finding appropriate, 
structurally analogous exemplars will be crucial, because only those exemplars will be 
linked to the correct mathematical solution. In order to find an appropriate exemplar Reed 
(1987) states that one should first be able to detect, and ultimately map, the structure of 
the current problem to that of the stored problem.     
Reed applied structure- mapping theory (Gentner, 1983) to the process of solving word 
problems with mathematics. According to structure mapping theory, the mapping process 
is influenced by the structural similarity between the base and target problem. Mapping is 
also influenced by transparency, the degree to which relations in the base problems are 
easily identifiable as relevant to the target problem.  
 
2.13 Discovery learning and direct modelling 
Direct instruction is a model for teaching that ―emphasizes well developed and carefully 
planned lessons designed around small learning increments and clearly defined and 
prescribed learning tasks‖ (National Institute, 2007). A major benefit of this form of 
teaching is that it provides a means of efficiently communicating large amounts of 
information in a short period of time. However, it is often criticised, as learners take on a 
passive, rather than an active role (Gagnѐ & Berliner, 1995). 
Direct instruction according to Ryder and Burton, 2006, addresses teacher behaviours 
which include ―emphasising seatwork, directing instruction, controlling pace, supervising 
seatwork, and working with students in small groups‖ (p,181)  
According to Rosenshine, there are six functions of each direct instruction lesson, which 
are: review, presentation, guided practice, corrections and feedback, independent 
practice, and weekly and monthly reviews (Magliaro, Lockee, and Burton, 2005). The 
idea behind this methodology is that direct instruction eliminates misconceptions which 
occur during the learning process, and allows for accelerated and more efficient learning. 
It is a highly organised teacher directed approach, in which skills are divided into small 
48 
 
units, ordered sequentially, and taught explicitly (Carnine, 2000). Each component of the 
task associated with the target behaviour is taught by the teacher. The teacher also 
models the behaviour, provides practice and feedback, and assess whether or not the 
skill needs to be re-taught (Ryder, Burton & Silberg, 2006). It is not a lecture approach, 
but rather an instructional model that focuses on the interaction between teachers and 
students. The fundamental principle that connects the components of direct instruction is 
that ―…learners are actively engaged in the relevant curriculum in order to build 
knowledge, skills, and dispositions related to the goals and objectives of the lesson 
(Magliaro, Locke, and Burton, 2005, p.44). Teacher- centred methods of instruction are 
often necessary to educate students on difficult material that requires multiple steps, and 
for procedures which are unlikely for students to discover on their own.  
Discovery learning is a means by which students engage in problem solving in 
developing knowledge or skills (Moore, 2004).  
Discovery learning is when a student obtains knowledge by him/ herself. It involves 
constructing and testing hypotheses rather than passively reading or listening to teacher 
presentations (Schunk, 2008). Discovery learning can also be referred to as problem- 
based, inquiry, experiential, or constructivist learning. It involves inductive reasoning 
because students move from a specific topic to formulating rules and principles 
(Kirschner, 2006). In its current conception and practice, discovery learning is a minimally 
guided instructional approach. Contrary to what many believe, students are not permitted 
to do anything they want, but rather are guided and supervised by teachers. A teacher 
can therefore arrange activities, and then allow learners to work with the materials 
provided to figure out concepts. 
Discovery learning is thought to increase the ability of students to transfer information 
they construct to other areas, as it allows the learners to independently explore broader 
issues (Nigam, 2004).  
 
Discovery learning has to follow the scientific method of investigation (see figure 9), it is a 
means by which students engage in problem solving in developing knowledge or skills 
(Moore, 2009). This knowledge and skills needs to be supervised by the teacher. 
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Figure 9: Scientific model of Investigation (Moore, 2009) 
 
2.14 Misconceptions and errors  
According to Harel and Confrey (1994) there are not smooth continuous paths from early 
addition and subtraction to multiplication and division, nor from whole numbers to rational 
numbers. Although many mathematics teachers would say multiplication is repeated 
addition it is in fact not true. Multiplication is not repeated addition, and rational numbers 
are not simply ordered pairs of whole numbers (Harel and Confrey, 1994).  
According to Luneta (2016) misconceptions and the resulting errors are as a result of 
weak cognitive structures that the learner forms due to epistemological exposures that 
are misaligned to the concept definition or correct cognitive module.  
Figure 10 illustrates two ways the teacher can disseminate mathematical concepts to 
learners.   
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Figure 10: Teachers’ two ways of disseminating mathematical concepts (Luneta, 2013) 
Error pattern analysis is much more than a diagnostic tool for determining students‘ 
procedural accuracy; this type of analysis can provide insight into a student‘s 
misconceptions if the teacher asks him or herself why the students approach would make 
sense to the student (Ginsburg, 1987). 
 
Error pattern analysis is an assessment approach that allows for determining whether 
students are making consistent mistakes when performing computations, whether this is 
a formal assessment or informal assessment like when classwork is done. In a general 
sense, the teacher is trying to determine if the student is using a mathematically valid 
approach (Ginsburg, 1987). 
He further states that if it is found that the student is not using a mathematically valid 
approach then the teacher has to determine what is mathematically invalid or flawed with 
the student‘s approach.  
Luneta (2013), state that errors and misconceptions are aggravated and perpetuated if 
the learner attempts to incorporate new knowledge into inadequate or defective concept 
images.  
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Mathematical acquisition is the transformation of knowledge from forms in which it exists 
(eg. Contexts, texts and mathematics teachers‘ heads) into forms that the learner can 
understand and use (Luneta, 2013).  
A weak knowledge base according to Luneta (2013) can lead to misconceptions and 
errors. 
 
2.15 Conclusion 
Teaching strategies should not be chosen arbitrarily and if they are then the teacher is 
just focusing on him/herself, rather than on the content, purposes or objectives (Moore, 
2004). 
Each of the instructional strategies mentioned above provide tremendous insights into 
each teaching strategy and which one would work best depending on the teaching 
content that teacher wants to cover. Teachers therefore need to explore different 
teaching methods and not just stick to one method in addressing different teaching 
topics.  
 
By adapting or modifying one‘s teaching method you are catering for the different 
cognitive levels of your learners and to deepen and increase learners‘ mathematical 
learning and achievement, reform perspectives in Mathematics education suggest shifts 
from teacher – centred to learner – centred approaches.  
Learners must create their own mental structures for critical thinking and teachers can, 
however facilitate that building process by encouraging debate, questioning, and other 
forms of meaningful student-student and student-teacher interaction in the classroom 
(Meyers, 1986).  
Learner centred approaches imply that Mathematics teaching should be responsive to 
learner difficulties, such as mathematical errors and misconceptions (Luneta & Makonye, 
2010). 
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Chapter 3 
Research Methodology 
 
3.1 Introduction  
The key focus of this dissertation is to explore the strategies that enhance mathematical 
cognition. According to Henning et al (2004) it is the purpose of the research that 
determines the method of data collection and the means of data analysis. In my research 
I wanted to gain an understanding into how certain instructional strategies enhance 
cognitive development amongst primary school learners. This chapter describes the 
methods that were used to answer each of the following research questions: 
1) How do the instructional strategies that teachers use enhance children’s mathematical 
cognition at primary school? 
2) How best can these strategies be used to optimise mathematical cognition amongst 
primary school children? 
Since this is quite a huge area of investigation a multi-step strategy will be used to 
examine the relationship between these variables and learning mathematics. In this 
chapter, the main research questions and the sources chosen to address the research 
questions are identified. Since I looked to give a detailed account of actions in order to 
gain a better understanding of our world, hopefully to bring about positive social change; 
research can be qualitative or quantitative and I had chosen to use a qualitative method 
of inquiry 
―Qualitative research is especially effective in obtaining culturally specific information 
about the values, opinions, behaviours and social contexts of particular populations 
(Mack et al, 2005:1). Qualitative study on the other hand focuses on the control of 
variables. A variable is a component of the phenomenon that is being studied. In 
qualitative study the variables are controlled and the researcher is interested in how the 
two variables are related (Henning et al, 2004). 
 
 
 
 
 
Table 2: A comparison of qualitative and quantitative research approaches 
(adapted from Mack et al, 2005: 5). 
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 Quantitative Qualitative 
General framework  Seek to confirm 
hypotheses about 
phenomena 
 Instruments use more 
rigid style of eliciting and 
categorising responses to 
questions. 
 Use highly structured 
methods such as 
questionnaires, surveys 
and structured 
observation 
 Seeks to explore 
phenomena 
 Instruments use more 
flexible, iterative style 
of eliciting and  
 Categorising 
responses to 
questions 
Analytical objectives  To quantify variation 
 To predict causal 
relationships 
 To describe 
characteristics of a 
population. 
 To describe variation 
 To describe and 
explain relationships 
 To describe individual 
experiences and 
group norms 
Question format  Close ended  Open ended 
Data format  Numerical (obtained by 
assigning numerical 
values to responses) 
 Textual (obtained from 
audiotapes, video 
tapes and field notes) 
Flexibility in study 
design 
 Study design is stable 
from beginning to end  
 Participant responses do 
not influence what the 
researcher will ask next. 
 Study design is subject to 
statistical assumptions 
and conditions. 
 Some aspects of 
study are flexible 
example wording of 
questions 
 Participant responses 
affect how and which 
questions get asked 
next 
 Study design is 
iterative, that is, data 
collection and 
54 
 
research questions 
are adjusted 
according to what is 
learned. 
 
 
The three most common qualitative methods of data collection are participant 
observation, in- depth interviews, and focus group ―Participant observation is used to 
collect information on naturally occurring behaviours in their usual contexts. In-depth 
interviews are best used for collecting data on individuals ‗personal histories, 
perspectives, and experiences, particularly when sensitive topics are being explored. 
Focus groups are effective in eliciting data on the cultural norms of a group and in 
generating broad overviews of issues of concern  to the cultural groups or subgroups 
represented‖ (Mack et al, 2005: 3). Qualitative research methods were developed in the 
social sciences to enable researchers to study social and cultural phenomena. 
 
According to Mack et al (2005) qualitative methods are found to be more flexible, most 
researchers would agree that qualitative methods allow great interaction between 
researcher and study participant to work together effectively. Qualitative research is 
naturalistic; as it attempts to study the everyday life of different groups of people and 
communities in their natural setting; it is particularly useful to study educational settings 
and processes. ―….qualitative research involves an interpretive, naturalistic approach to 
its subject matter; it attempts to make sense of, or to interpret, phenomena in terms of 
the meaning people bring to them (Denzin and Lincoln, 2003). According to Domegan 
and Fleming (2007), ―Qualitative research aims to explore and to discover issues about 
the problem on hand, because very little is known about the problem. There is usually 
uncertainty about dimensions and characteristics of problem. It uses ‗soft‘ data and gets 
‗rich‘ data‘‖. (p. 24). According to Myers (2009), qualitative research is designed to help 
researchers understand people, and the social and cultural contexts within which they 
live. Such studies allow the complexities and differences of worlds-under-study to be 
explored and represented. 
 
Qualitative methods ask mostly open-ended questions that are not necessarily worded in 
exactly the same way with each participant. 
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I chose open ended questions because this allows for teachers to respond in their own 
words, and these responses tend to be more complex than simply ýes‘or ‗no‘. 
I wanted to understand what instructional strategies teachers use to enhance maths 
cognition and I wanted to do this by having teachers tell in a less formal way. With 
qualitative methods, the relationship between the researcher and the participant is less 
formal than in qualitative research. Participants have the opportunity to respond more 
elaborately and in greater detail than is typically the case with quantitative methods 
(Mack, Wodsong, Macqueen, Guest and Namey; 2005) 
Ary, Jacobs, and Razavieh (1996) categorised qualitative research into four major and 
one minor category. They included the major categories as participant observation and 
non-participant observation.  In participant observation, the researcher him/ herself is a 
part of group under study while in non-participant observation; the researcher observes 
but does not participate in the activity being observed. 
Although the research process in qualitative research is inductive, Merriam (ibid: 49) 
notes that most qualitative research inherently moulds or changes existing theory in that: 
 Data are analysed and interpreted in light of the concepts of a particular 
theoretical orientation; 
 Findings are usually discussed in relation to existing knowledge (some of which is 
theory) with the aim of demonstrating how the present study has contributed to 
expanding the knowledge base. 
 
The data collection process was divided into three phases. The first phase focused on 
interviews with eight primary school teachers. The second phase involved classroom 
observations where four of the eight teachers were observed during classroom 
instruction teaching number operations. During the classroom observations I acted as a 
non – participant observer and the lessons were transcribed (see Appendix).  
The objective of the classroom visits was to establish the instructional strategies that 
individual teachers use to enhance mathematical cognition. 
During my classroom observations I used a classroom observation checklist (see 
Appendix E). The classroom observation checklist was accessed from Brenes – Carvajal 
(2009: 190) about initial development of teachers in Mexico, which I adapted to suit the 
context of the study and looking at the key components that each lesson had to cover.  
 
The third phase of my research project involved a problem solving survey with all eight 
teachers who participated in the study. The survey mainly centred around the importance 
56 
 
of problem solving in mathematics to understand how this is incorporated in their daily 
teaching and whether content coverage does allow for them to focus on higher level 
order questions during instruction. 
 
To sum up this section, qualitative research is a systematic inquiry into the nature or 
qualities of complex social group behaviours by employing interpretive and naturalistic 
approaches. Qualitative study lends itself to thick narrative description of the group 
behaviours in the group's natural environment. Its main objective is to be non-
manipulative and takes into account the unperturbed views of the participants as the 
purpose is generally to aim for objectivity. Qualitative research are most appropriate 
when the researcher wants to become more familiar with the phenomenon of interest, to 
achieve a deep understanding of how people think about a topic and to describe in great 
detail the perspectives of the research participants. 
 
3.2 Action Research 
An action research should be written with the intention of improving policy and practice 
and to fulfill the following goals:  
1. To learn and use research methods that are linked to the teaching, learning and 
curriculum, including the ability to analyse and solve problems of practice: to 
understand the research literature and apply it appropriately. 
2. To apply concepts and theories to existing or predicted educational problems. 
3. To work with researchers and practitioners to design and carry out projects that 
can be put into practice to improve education. 
Action Research becomes part of the practice of your everyday life (de Certeau, 1984), 
for example when you ask seemingly trivial (but actually highly complex) questions such 
as ‗How do I understand how to use my computer?‘‘, as well as much grander questions 
such as ‗How do we self-evaluate our organisation?‘‘ 
When looking at educational dimension of action research, Gay and Airasian prove 
benefits resulted from application of action research to education as follows: (Hien, 
2009). 
1. Teachers investigate their own practice in new ways, looking deeper in what they 
and their students actually do and fail to do. 
2. Teachers develop a deeper understanding of students, the teacher learning 
process and their role in the education of both teachers and students. 
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3. Teachers are viewed as equal partners in deciding what works best and what 
needs improvement in their classroom or classrooms. 
 
3.3 Research Paradigm 
According to TerreBlanche and Durrheim (1999), the research process has three major 
dimensions: ontology, epistemology and methodology. According to them a research 
paradigm is an all-encompassing system of interrelated practice and thinking that define 
the nature of enquiry along these three dimensions. 
The term paradigm originated from the Greek word paradeigma which means pattern 
and was first used by Thomas Kuhn (1962) to denote a conceptual framework shared by 
a community of scientists which provided them with a convenient model for examining 
problems and finding solutions. Kuhn defines a paradigm as: ―an integrated cluster of 
substantive concepts, variables and problems attached with corresponding 
methodological approaches and tools…‖. According to him, the term paradigm refers to a 
research culture with a set of beliefs, values, and assumptions that a community of 
researchers has in common regarding the nature and conduct of research (Kuhn, 1977). 
A paradigm hence implies a pattern, structure and framework or system of scientific and 
academic ideas, values and assumptions (Olsen, Lodwick, and Dunlop, 1992:16). 
 
Ontological and epistemological aspects concern what is commonly referred to as a 
person's worldview which has significant influence on the perceived relative importance 
of the aspects of reality. Two possible worldviews are: objectivistic and constructivist. 
These different ways of seeing the world have repercussions in most academic areas; 
yet, none of these views is considered to be superior to the other. Both may be 
appropriate for some purposes and insufficient or overly complex for other purposes. 
Also a person may change his/her view depending on the situation. For example, this 
study makes use of elements from both views and considers them as complementary. 
 
According to Lather (1986a: 259) research paradigms inherently reflect our beliefs about 
the world we live in and want to live in. Based on this belief, Guba and Lincoln (1994) 
distinguish between positivist, post-positivist and postmodernist enquiry, grouping 
postmodernism and post-structuralism within ‗critical theory‘. The nature of reality 
assumed by positivism is realism, whereby a reality is assumed to exist; in contrast, post-
positivism assumes that this ‗reality‘ is only ‗imperfectly and probabilistically 
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apprehendable‘ (Guba and Lincoln, 1994, p. 109). Post-positivism is viewed as a variant 
of the former positivism, but they are both objectivist. 
Critical theory adopts a more transactional and subjectivist epistemology where ‗the 
investigator and the investigated object are assumed to be interactively linked, with the 
values of the investigator . . . inevitably influencing the inquiry‘ (Guba et al.,1994 p.110). 
Whereas the aim of positivist and post-positivist enquiry is explanation, prediction and 
control, the aim of critical theory is critique and emancipation (Willmott, 1997). 
Gephart (1999) classified research paradigms into three philosophically distinct 
categories as positivism, interpretivism and critical postmodernism.  
 
 
Positivism 
The positivist paradigm of exploring social reality is based on the philosophical ideas of 
the French Philosopher August Comte. According to him, observation and reason are the 
best means of understanding human behaviour; true knowledge is based on experience 
of senses and can be obtained by observation and experiment. At the ontological level, 
positivists assume that the reality is objectively given and is measurable using properties 
which are independent of the researcher and his or her instruments; in other words, 
knowledge is objective and quantifiable.  Positivistic thinkers adopt scientific methods 
and systematize the knowledge generation process with the help of quantification to 
enhance precision in the description of parameters and the relationship among them. 
Positivism is concerned with uncovering truth and presenting it by empirical means 
(Henning, Van Rensburg and Smit, 2004, p. 17). 
 
Interpretivism 
Interpretive researchers believe that the reality to consists of people‘s subjective 
experiences of the external world; thus, they may adopt an inter-subjective epistemology 
and the ontological belief that reality is socially constructed. According to Willis (1995) 
interpretivists are anti-foundationalists, who believe there is no single correct route or 
particular method to knowledge.  Walsham (1993) argues that in the interpretive tradition 
there are no ‗correct‘ or ‗incorrect‘ theories. Instead, they should be judged according to 
how ‗interesting‘ they are to the researcher as well as those involved in the same areas. 
They attempt to derive their constructs from the field by an in-depth examination of the 
phenomenon of interest. 
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Reeves and Hedberg (2003, p. 32) note that the ―interpretivist‖ paradigm stresses the 
need to put analysis in context. The interpretive paradigm is concerned with 
understanding the world as it is from subjective experiences of individuals. They use 
meaning (versus measurement) oriented methodologies, such as interviewing or 
participant observation, that rely on a subjective relationship between the researcher and 
subjects. Interpretive research does not predefine dependent and independent variables, 
but focuses on the full complexity of human sense making as the situation emerges 
(Kaplan and Maxwell, 1994). This is the interpretive approach, which aims to explain the 
subjective reasons and meanings that lie behind social action 
This study is situated in the interpretivist paradigm. Table 3 displays the characteristics of 
interpretivism, as used in this study, categorised into the purpose of the research, the 
nature of reality (ontology), nature of knowledge and the relationship between the 
inquirer and the inquired-into (epistemology) and the methodology used (Cantrell, 2001). 
 
Table 3:  Characteristics of interpretivism 
Feature Description 
Purpose of 
research 
 Understand and interpret the instructional strategies that 
teachers use to enhance mathematical cognition. 
Onthology   There are multiple realities.  
 Reality can be explored, and constructed through human 
interactions, and meaningful actions.  
 Discover how people make sense of their social worlds in the 
natural setting by means of daily routines, conversations and 
writings while interacting with others around them.   
 These writings could be text and visual pictures.  
 Many social realities exist due to varying human experience, 
including people‘s knowledge, views, interpretations and 
experiences. 
Epistemology  Events are understood through the mental processes of 
interpretation that is influenced by interaction with social 
contexts.  
 Those active in the research process socially construct 
knowledge by experiencing the real life or natural settings.  
 Inquirer and the inquired-into are interlocked in an interactive 
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process of talking and listening, reading and writing.  
 More personal, interactive mode of data collection 
Methodology  Processes of data collected by text messages, interviews, 
and reflective sessions;  
  Research is a product of the values of the researcher. 
 
The key words pertaining to this methodology are participation, collaboration and 
engagement (Henning, van Rensburg, and Smit, 2004). In the interpretive approach the 
researcher does not stand above or outside, but is a participant observer (Carr and 
Kemmis, 1986, p. 88) who engages in the activities and discerns the meanings of actions 
as they are expressed within specific social contexts. 
 
Postmodernism 
Critical Postmodernism is less radical in its approach and is a growing field of study that 
is moving beyond the supposedly radical postmodernism. This paradigm is a force of 
liberation that engages an on-going conflict with the powers of oppression and seeks to 
bring about educational reform (Revees and Hedberg, 2003, p. 33). 
 
Critical researchers assume that social reality is historically constituted and that it is 
produced and reproduced by people (Myers, 2009). Although people can consciously act 
to change their social and economic circumstances, critical researchers recognize that 
their ability to do so is constrained by various forms of social, cultural and political 
domination. Therefore, critical scholarship seeks to transcend taken-forgranted beliefs, 
values and social structures by making these structures and the problems they produce 
visible, by encouraging self-conscious criticism, and by developing emancipatory 
consciousness in scholars and social members in general (Kincheloe and McLaren, 
1994, pp. 138-157). The aim is to openly critique the status quo, focus on the conflicts 
and constraints in contemporary society, and seek to bring about cultural, political and 
social change that would eliminate the causes of alienation and domination. Thus, the 
paradigm of critical theory encourages evaluators and instructional designers to question 
and also to evaluate the cultural, political, and gender assumptions underlying the 
effectiveness of the instructional product or programme (Reeves and Hedberg, 2003). 
The critical theory seeks to deconstruct the "hidden curriculum" or "text" and search for 
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the "truth" and "understanding within the social context‖ (Reeves and Hedberg, 2003, 
p.33). 
 
According to Gephart (1999) the goal of critical postmodernism is social transformation to 
displace the existing structures of power and domination by opening opportunities for 
social participation among persons previously excluded and dominated (online). The task 
in critical postmodern analysis has been to deconstruct discourse to reveal hidden 
structures of domination, particularly dichotomies (e.g., male/female) and then 
reconstruct or offer alternative, less exploitive social arrangements (Boje, 2001). 
 
3.4 Theories adopted in this study 
Researchers base their work on certain philosophical perspectives; it may be based on a 
single or more paradigm(s), depending on the kind of work they are doing. Following the 
above discussions, the philosophical assumptions underlying this study come mainly 
from interpretivism (of hermeneutic in nature). However, the study has also footprints of 
the other two perspectives— postpositivism (a modified objectivist stance), and critical 
postmodernism (as it supports different world views— instructivist and constructivist 
philosophies, and often uses conventional positivist and interpretivist methods). 
Interpretive approaches give the research greater scope to address issues of influence 
and impact, and to ask questions such as ‗why‘ and ‗how‘ particular technological 
trajectories are created (Deetz, 1996).  
 
3.5 The Rationale for a qualitative study 
Many scholars (e.g., Domegan, and Fleming, 2007; Henning, Van Rensburg, and Smit, 
2004; Denzin and Lincoln, 2003; Richardson, 1995) argue that human learning is best 
researched by using qualitative data. In selecting a research methodology, Guba (1981, 
p. 76) suggests that "it is proper to select that paradigm whose assumptions are best met 
by phenomenon being investigated‖. This study is about the instructional strategies that 
teachers use to enhance mathematical cognition among learners. It is also generally 
recognised that qualitative researchers are concerned with processes rather than simply 
the outcomes or products. When understanding an event is a function of personal 
interaction and perception of  those  in that event, and  the description of the processes 
that characterise the event, qualitative approaches are more appropriate than 
quantitative designs to provide the insight necessary to understand the participants‘ role 
in the event, and their perceptions of the experience. The purpose of my study was to 
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investigate without manipulation the instructional strategies that teachers use to enhance 
mathematical cognition and how best these strategies can be used for optimal 
mathematical cognition at primary school to successfully solve mathematical problems 
when dealing with number operations. 
 
3.5.1 Inductive Reasoning Strategy 
My study used an inductive reasoning strategy. Inductive reasoning moves from specific 
observations to broader generalisation and theories (Aqil Burney & Mahmood, 2006). It is 
referred to as the ‗bottom – up‖, and is more open ended in nature and exploratory 
especially at the beginning. The research questions in this study are more open – ended 
hence this reasoning strategy was used. 
Gabriel (2013) states that inductive reasoning aims at exploring new phenomenon or 
looking at previously researched phenomenon from different perspectives. 
 
In this research descriptive questions were asked and according to Aurini et al, (2016) 
descriptive questions are used inductively, often to examine localized understandings; 
descriptive questions also cover everything from basic experiences all the way to 
interviewees‘ understandings of a particular condition or outcome. 
  
3.6 Study Aims 
There were two main aims of the study: 
1. To identify how the instructional strategies that teachers use enhance mathematical 
cognition. 
2. How best to implement these strategies for optimal mathematical cognition at 
    Primary school level so that learners are able to successfully solve mathematical 
    Problems when dealing with number operations. 
 
3.7 Study Questions 
The research questions are important for understanding the choice of the methodology 
and the direction the study took. The research questions were derived from the aim of 
the study, which was to investigate the instructional strategies teachers use to enhance 
mathematical cognition.  
The study attempted to investigate the two main questions as follows: 
1. What instructional strategies do Mathematics teachers use to enhance mathematical 
cognition at primary school? 
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2. How best can these strategies be used to optimise mathematical cognition among 
primary school children? 
 
3.8 Participants and Sampling 
The participants in this study were eight primary school mathematics teachers from two 
schools in the Gauteng West district. Each grade in these two schools in the intermediate 
and senior phase had only one Mathematics teacher. These teachers are all qualified 
teachers but not all specialised in teaching Mathematics. The four teachers in each 
school were selected at random. The reason sampling took place by random selection 
was because this procedure is objective and leaves no room for human bias or 
subjectivity (Maree & Pietersen, 2011).  
All the eight teacher participants who began with the study participated in the study from 
the beginning to the end. 
Merriam (1998), states that the investigator should be clear and unambiguous regarding 
his position and the theories governing the research, and should explain the sample 
section and the social context of the data collection. 
 
I present a brief description below of the two schools using pseudonyms in order to 
ensure confidentiality and anonymity.  
 
3.9 Demographic characteristics 
The data was collected at Morrow Primary School (pseudonym) and Beifa Primary 
School (pseudonym). The two schools are situated 10 kilometres of each other.  Morrow 
Primary school is a former model C school with an enrolment of 1385 learners from 
grade R to grade 7 with different language and cultural backgrounds. The language of 
teaching and learning is English. The learner participants were grade four and grade six 
learners and they represent different language and cultural groups. 
Beifa Primary school is a township school with learners mainly from the two surrounding 
townships in the area; the school has an enrolment of 1323 learners from grade R to 
grade 7. The learners come from different language and cultural backgrounds and most 
of the parents are unemployed. The school is a no fee school and mainly rely on 
fundraising for sustenance and its day to day running. The language of instruction is 
Afrikaans and English. The learner participants were in grade five and grade seven and 
they represent different language and cultural groups.  
 
64 
 
3.10 Background of the mathematics teachers that were purposively sampled for 
classroom observation. 
3.10.1 Mrs Sunny 
Mrs Sunny comes from the Western side of Johannesburg. She has been teaching at 
Beifa primary for fifteen years. She did her tertiary education at the University of the 
Witwatersrand where she obtained a B.A degree in marketing and later a Postgraduate 
certificate in Education. 
She has taught grade five mathematics for fifteen years. Other than mathematics, she 
has also taught Life Orientation now currently Life skills.  
Mrs Sunny is very competent with computers and is a Life skills lead teacher in her 
district where she conducts regular workshops and PLC‘s (Professional Learning 
Communities) for other educators in her district. PLC‘s are groups of teachers working 
together in subject-based groups, focusing on a grade or phase to share experiences, 
knowledge, techniques and insights with the aim of improving teaching practices and 
learners‘ achievements. When asked about how her learners mathematical cognition is, 
she responded by saying that her learners are average. The last time Mrs Sunny 
attended a workshop on instructional strategies was in 2013 and the department has not 
offered the teachers in her cluster another workshop based on instructional strategies 
 
3.10.2 Mrs Pilan 
Mrs Pilan comes from the Free State Province Welkom. She has thirty five years 
teaching experience and has been teaching at Beifa primary for twenty years. She did 
her tertiary education at the University of the Free State where she obtained a B.A 
degree and later her Honours in B.A. 
Mrs Pilan also has a Postgraduate certificate in Education. 
She has taught grade six mathematics for twenty years. Other than mathematics, Mrs 
Pilan has also taught Social Sciences, Natural Science and Technology as well as 
Economic and Management Science.  
Mrs Pilan is the Mathematics Head of Department and she manages six educators in her 
department. She conducts regular class visits and monitor books on a regular basis to 
track if learning and teaching is taking place. She has attended several workshops on 
management including classroom management but the last workshop she attended on 
instructional strategies was in 2013 she reported when they were trained on CAPS 
implementation. When asked about her learners mathematical cognition she responded 
by saying that her learners performance is average. 
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3.10.3 Mrs Latso 
Mrs Latso comes from the Western side of Johannesburg. She has twenty three years 
teaching experience and has been teaching at Morrow primary for fifteen years. She did 
her tertiary education at the Rand College of Education in Johannesburg where she 
obtained a three year Junior Primary certificate and completed her degree as well as her 
honours at RAU now known as the University of Johannesburg in Learning Support.  
Mrs Latso has taught in the Foundation Phase for several years and has been teaching 
grade 4 Mathematics for fifteen years. Other than mathematics, she has also taught 
English and Afrikaans.  
Mrs Latso is the school‘s reading expert and she helps children from Grade 1 to Grade 7 
who struggle with reading.  
She has attended several workshops on learning barriers and a READ workshop. Mrs 
Latso reported that she always avails herself for continuous teacher development 
workshops, she says she believes in continuous growth but reported that the last 
workshop she attended on instructional strategies was in 2012 when CAPS was 
introduced in the foundation phase and then again in 2013 when it was implemented in 
the Intermediate phase. 
She reported that her learner‘s mathematical cognition is fairly poor. 
 
3.10.4 Mr Fusion 
Mr Fusion comes from the Western side of Johannesburg. He has 9 years teaching 
experience and has been teaching at Morrow primary for 4 years since 2014. He 
completed his tertiary education at the University of Johannesburg where he obtained a 
B.Ed degree in Mathematics Senior Phase and is currently completing his Honours in 
Curriculum Studies at the University of Pretoria.  
Mr Fusion is teaching mathematics grade six and grade seven. He is also the lead PLC 
teacher in his cluster and conducts regular workshops on topics that teachers struggle 
with. 
Apart from teaching Mr Fusion worked for COUNT a Non-Government-Organisation for a 
period of 2 years, implementing the GPLMS (Gauteng Primary Language and 
Mathematics Strategy). Mr Fusion worked with the teachers as a critical friend, ensuring 
that the teachers have adequate subject and pedagogical knowledge to prepare learners 
in Grade 4 to 7 adequately in Mathematics. Emphasis was placed on the new Curriculum 
and Assessment Policy Statement (CAPS).  
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Mr Fusion ran regular mathematics content and mathematics didactics workshops for the 
teachers. These workshops were done, sometimes with individual teachers, sometimes 
with all the teachers of a school and sometimes with teachers from a group of schools. 
The teachers of the schools in the project received class visits on a monthly basis. The 
aim of the class visits were to support and develop the teachers, paying specific attention 
to class management and the didactics of mathematics teaching. When asked about his 
learner‘s mathematical cognition, he reported that their performance is fairly good.  
 
Teacher qualifications were important for this study, because teachers all need quality 
education and training in order to meet the learning needs of the learners in South 
African schools, regardless of the phase learners are in. With adequate professional and 
academic qualifications, teachers may be able to promote efficiency in their classrooms. 
In addition, it is well known that teachers in possession of professional degrees are 
perceived as being better qualified for the teaching profession than those with diplomas 
and certificates only (Naidoo, 2001). 
 
3.11 Data Collection Methods 
In qualitative  research,  different  knowledge  claims,  enquiry strategies,  and data 
collection methods  and analysis  are  employed  (Creswell,  2003).  Qualitative data 
sources include observation and participant observation (fieldwork), interviews and 
questionnaires, documents and texts, and the researcher's impressions and reactions 
(Myers, 2009). Data is derived from direct observation of behaviours, from interviews, 
from written opinions, or from public documents (Sprinthall, Schmutte, and Surois, 1991, 
p. 101). Written descriptions of people, events, opinions, attitudes and environments, or 
combinations of these can also be sources of data. In order to reach the study aims, a 
multi-step strategy was used.  
The first step was a pilot study (See Annexure) which helped me to identify the key 
issues. A pilot study is a pre- study of the main research (Miles, 2012). The pilot  
Study made it possible for me as a researcher to notice unanticipated problems and I 
was able to redesign parts of the study. 
Data gained in the varied academic settings of grade four, five and six teachers assisted 
in understanding the patterns of academic participation and the meanings and 
relationships of the teachers and students. 
I gathered data from a pilot test, classroom observations, interviews and content 
analysis. 
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Table 4: Different types of methods for data collection. 
Methods of 
Data 
Collection 
Type Instrument 
Assisting Data 
Collection 
Prompt Data capturing 
method 
Interview  Individual  
interview 
Researcher 
interviewing 
teachers Interview 
schedule 
Discussion about 
instructional 
strategies that 
enhance math 
cognition. 
Informal field 
notes Audio tape 
transcription of 
interviews 
Observation Classroom 
observation 
Researcher 
observations. 
Observation 
schedule 
None. Used 
„natural field 
setting‟  
Informal field 
notes  
Content 
analysis 
Official policy 
documents with 
provision for 
teaching reading 
comprehension 
Researcher 
collecting the 
policies   
 
Discussion about 
instructional 
strategies and 
content coverage 
as explained in 
the policy 
documents 
Researcher 
reviewing the 
literature 
Grounded theory 
Thematic analysis 
 
Table 4 provides an overview of the data collection methods and data collection 
instruments and an explanation is given of each aspect. 
Research methods are techniques used to gather and analyse evidence (Creswell, 
2009). Patton (1990) suggests that data should be sought using multiple sources of 
information because ―no single source of information can be trusted to provide a 
comprehensive perspective‖ (p.244). As a researcher I used a combination of 
observations, interviews and content analysis and this will help me to cross check my 
findings.  
A combination of data sources and different methods according to Ary et al. (2002) 
increase the likelihood that the phenomenon under study is understood from different 
points of view. Using different methods helped me to triangulate my data. 
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With triangulation the researcher investigates whether the data collected using one 
procedure or instrument confirm data collected using a different procedure (Ary et al. 
2002).   
This study aims to investigate how the instructional strategies that teachers use enhance 
learners‘ mathematical cognition. To achieve this, a qualitative data collection technique 
was used by making use of the following procedures:  
 
Pilot Test 
Before the main study, I conducted a pilot test in two public schools with Grade 7 
educators and one group of Grade 7 learners in each school. The one public school is an 
ex model c school and the other is a township school. The pilot test was conducted over 
a period of one week to basically pre-test the study and see if my initial assessment was 
going to give me accurate data and if not then I could modify the research questions and 
interview questions accordingly. However, the data from the pilot study was not mixed 
with the data from the actual study. 
A pilot test can be defined as the mini-version of a full scale study (also known as 
―feasibility‖ study), which can be a specific pre-testing of a particular research instrument 
such as a questionnaire of interview schedule (van Teillingen, Rennie, Hundley, Graham, 
2001:1).  
 
The results I received from the interview were that teachers will be able to answer 90% of 
the questions without having to seek clarity or giving vague answers. 
The results of the pilot test suggested that teachers do understand the importance of 
using effective instructional/ teaching strategies when teaching mathematics. 
 
I only made a change to one question based on the results I received from the pilot test. 
This question required the teachers to explain which instructional strategy they use to 
enhance mathematical cognition. One participant did not respond and the response I 
received from the other participant as very vague because it was not clearly understood.  
 
The interview questions were then administered to the four mathematics teachers in 
each school and the results will be explained in the data analysis chapter.  
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Observations 
Over two school terms, I conducted observations which were unstructured but took 
additional notes of other data sources as they appeared. Observations in a qualitative 
study are intentionally unstructured and free-flowing. The researcher shifts focus from 
one thing to another as a new and potentially significant objects and events present 
themselves (Leedy & Ormrod, 2005).    
The observations I conducted were 30 minutes in length and I observed four lessons 
over the two school terms. I transcribed these lessons in intervals of 5 minutes.  
Observation and content analysis was used to learn more about the instructional 
strategies teachers were using and how it affects their learners understanding of 
mathematics. The advantage of classroom observations was also that I was able to see 
what the teachers were doing rather than to hear what they said they were going to do. 
The observation of lessons, the interviews and the learner worksheets are presented in 
chapter 4 and analysed in chapter 5.  
 
Interviews and conversations 
Interviews are the most common methods of data collection used in qualitative research 
(Gill, Stewart, & Treasure, Chadwick, 2008). They can be used to explore the views, 
experiences, beliefs, and motivation of individual participants. I had individual 
conversations and interviews with the teachers involved and concerned with the 
students. I gave teachers the interview questions and allowed them to write out their 
responses to the questions which were asked while I sat in front of them. I mainly did this 
for validity purposes. I also preferred sharing the same space as my participants while 
they were answering the questions; according to Aurini et al, (2016) there are many 
potential benefits to sharing the same physical space as your participants. You may be 
able to build a stronger rapport and trust with the participants, particularly if the contact is 
for an extended period or over multiple interactions. The ability to hear and see 
participants also allows you to witness conscious and unconscious forms of non-verbal 
communication, including a participants‘ physical and emotional response to your 
questions (Aurini  et al, 2016).  I conducted one formal interview with each mathematics 
teacher in each school, with further interviews as necessary to enhance my 
understanding of my data. These other interviews were often in the form of brief 
conversations during or in between class, to get clarification of answers.  
I mainly conducted these interviews to corroborate data emerging literature review, using 
pre – determined questions but also allowed probing and clarification of answers. I was 
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very flexible with the questions and found that I had to ask other questions in between to 
gain clarification including open ended questions where a more natural discussion took 
place in order to probe and get more meaning. Semi – structured interviews make it 
possible to identify new emerging links of inquiry, which are directly related to the 
phenomenon being studied (Niewenhuis, 2012).  
In order to triangulate my data I had a pre observation where I asked the teachers to tell 
me in detail why it was that they used the instructional/ teaching strategy they were using 
to teach math lessons and to briefly describe to me what their lesson based on number 
operations will entail and the topic they will be focussing on, what followed after my 
conversation with the teachers was the actual class visit which I transcribed and coded. 
After my class visit with each teacher I had a post observation. This mainly took place in 
order for me to triangulate my data and seek clarity on any aspect I still needed to gather 
data on. 
Understanding behaviour in its context is an important aspect of qualitative research and 
I thought that by having the post observation with each teacher puts their teaching style 
and behaviour into context.  
 
By interviewing the teachers I got direct information on the topic I was interested in. I felt 
that using individual interviews might be better than using focus groups because I wanted 
individual experiences and opinions from the teachers. I was also aware that I was 
working 50 percent with teachers who were not qualified to teach the mathematics 
subject, although they had many years of teaching experience.  I do not think that I would 
have gotten honest opinions from them if they were interviewed together. 
In carrying out the research I had adopted an interpretivist framework. This framework is 
―aimed to capture the lives of participants in order to understand and interpret meaning,‖ 
(Henning, Van Rensburg and Smit, 2004: 2). One of the strengths of using an interview 
method was that the researcher got an interpretive perspective i.e. the connections and 
relationships the interviewee sees between particular events, phenomena, and beliefs 
(Mack et al, 2005). A researcher who used an interpretivist framework aimed to 
understand a particular phenomenon and in my case it was the reasons whether or not 
the teaching strategies they were using to teach mathematics enhances cognitive 
development amongst their learners. 
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Codes 
A code in qualitative inquiry according to Saldana (2013) is most often a word or short 
phrase that symbolically assigns a summative, salient, essence-capturing, and/or 
evocative attribute for a portion of language-based or visual data. The data can consist of 
interview transcripts, participant observation field notes, journals, documents, drawings, 
artefacts, photographs, video, Internet sites, e-mail correspondence, literature, and so 
on. 
I used open coding, which refers to naming and categorising phenomena through close 
examination of the data (Henning, 2004). The data I collected was broken into discrete 
parts, which are compared and questioned with ―what, where, who, when and how. In 
other words, open coding fractures data into concepts and categories. The data in my 
study were compared and grouped together and thereafter given the same conceptual 
label.  
 
The following is an example of several codes applied to data from an interview transcript. 
One of the codes was taken directly from what the participant himself says and is placed 
in quotation marks – this is called an In Vivo Code according to Saldana (2013). 
 
Figure 11: Coding example (Saldana, 2013) 
 
According to Henning (2004) the process of grouping concepts at a higher, more abstract 
level is termed categorising. Labels are the attached to the segments of texts. Put more 
accurately, coding ―represents the operations by which data are broken down, 
conceptualised, and put back together in new ways. It is the central process by which 
theories are built from data‖(Strauss & Corbin 1990: 57). 
 
The codes I used were selected by what the data meant to me as a researcher. As I 
came across data that could not be coded, I completed the rest of the transcript first and 
went back to the uncoded data. Henning (2004) states that ―sometimes the meaning of a 
72 
 
sentence or a phrase may become clear only later in the interview transcript or field 
notes‖ (Henning 2004: 105).  
 
According to Saldana (2013: 157), ―Categorizing is how we get ‗up‘ from the diversity of 
data to the shapes of the data, concepts are how we get up to more general, higher-
level, and more abstract constructs‖. Our ability to show how these themes and concepts 
systematically interrelate lead toward the development of theory (Corbin & Strauss, 2008, 
p. 55) 
 
 
 
Figure 12:  A streamlined codes-to-theory model for qualitative inquiry (Saldana, 2013) 
 
Coding is a cyclical process that requires you to recode not just once but twice (and 
sometimes even more). Virtually no one gets it right the first time Saldana, 2013) 
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Figure 13:  Cyclical process of coding (Saldana, 2013) 
 
Content Analysis 
Content analysis is defined as ―the research method for the subject interpretation of the 
content of text data by means of a systematic classification process of coding and 
identifying themes or patterns‖ (Hsieh and Shannon, 2005: 1272).  
The content directed analysis approach can extend or validate a theory.  
According to Leedy and Ormrod, (2005) content analysis is a detailed and systematic 
examination of the contents of a particular body of material for the purpose of identifying 
patterns, themes, or biases. Contents analyses are basically performed on forms of 
human communication, including books, newspapers and films. 
 
Official Records and Documents  
Official records and documents were another source of information. I made use of four 
student worksheets based on problem solving when dealing with number operations to 
assess the child‘s math cognition. I also looked into the Curriculum and Assessment 
Policy Statement (CAPS) document and the National Protocol for Assessment Policy, 
along with other professional assessment documents and recommendations regarding 
the students‘ progress. 
By analysing these documents I was able to find out if there was any policy document in 
place that explained to the teachers how they should teach mathematics content. 
 
3.12 Research Evaluation: Trustworthiness of the Study 
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Before I began with the data collection process, I obtained official permission to perform 
the research and adhered to ethical research principles (see Appendix A). Merriam 
(1998) classifies six strategies to ensure internal validity in qualitative research: 
crystallisation, that is, several investigators, sources and methods should be used to 
compare the findings with one another; member checks, where the data and findings are 
verified by other respondents than those originally involved; long term observation to 
gather data over an extended period in order to increase validity; peer examination to 
solicit the opinions of colleagues and co-workers; collaborative research to involve 
participants in the research process; and lastly, clearing researcher bias by clarifying the 
researcher‘s assumptions, views and theoretical orientation before starting the research 
(Merriam, 1998).  
 
3.12.1 Trustworthiness  
Trustworthiness is the degree of confidence that the researcher has in his/her findings 
that they are worthy (Andrews & Halcomb, 2009), and consists of credibility, 
dependability, transferability and confirmability.   
 
3.12.2 Reliability  
Reliability addresses the ability off a measuring tool to provide the same results on 
repeated occasions (MacMillan & Schumacher, 2006). I conducted a pilot study for this 
main purpose to ensure that the information teachers where going to give me were in fact 
reliable, the classroom observation checklist was accessed from Brenes – Carvajal (2009 
: 190) and I found that the instrument was reliable to use. 
 
3.12.3 Objectivity  
I made clear judgements and decisions as to how the data for this study will be collected 
and furthermore be analysed. I was not biased when the data was collected and 
analysed. 
 
3.12.4 Credibility 
Credibility was ensured to participants to ensure and establish trustworthiness. The 
correct operational measures for the concepts being studied were incorporated. A 
thorough description of the researcher‘s background, qualifications and experience was 
given to the participants of the study. 
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3.12.5 Transferability  
Sufficient contextual information about the research sites was provided and the result 
and findings of the study can be applied to other situations. 
  
3.12.6 Participation and consent 
Participants require accurate information in order for them to make a true choice of 
whether to participate in the study or not (MacMillan & Schumacher, 2006). All 
participants in the study were informed about the context and the focus of the research. 
The participants were given correct and true information about the study and were given 
time to make an informed decision about given consent to participate in the study. 
 
3.12.7 Privacy and confidentiality 
Participants were promised that their names, schools and codes would be omitted in all 
research projects activities. I used pseudonyms to refer to participant‘s names and 
schools (MacMilllan & Schumacher, 2006).   
 
The University of Johannesburg, according to the policy ―Code of Conduct for Research‖ 
has specific guidelines that address issues, such as data storage and retention, 
authorship, publication, ethics clearance, and research misconduct.  I have complied with 
the policy as set out by the University.    
  
3.12.8 Deception 
I did not include any form of deception concerning the aim, nature or content of this 
study. The aim and nature of the study was explicitly explained to the participants 
throughout the data collection process.  
  
3.12.9 Research benefits 
Data collection and analysis were carried out as described earlier in order to establish 
whether the outcome of the study was achieved. Whether or not the study achieved its 
objectives was determined by analysing data collected through various methods that 
included interviews and classroom observations and these were explained to the 
participants. 
 
3.13 Conclusion 
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This chapter has outlined the research paradigm, research methodologies, strategies 
and design used in the study, including procedures, participants and data collection tools. 
The main approach for this study was an intepretivist approach which included positivist 
components and was analysed through qualitative methods. 
The qualitative paradigm, based on intepretivism strived to comprehend how individuals 
in everyday settings construct meaning and explain the events of their worlds. 
The next chapter provides the research process of the data which was collected. 
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Chapter 4 
Data Presentation 
4.1 Introduction 
This chapter outlines the data presentation of the study as a whole.  
As stated previously the second phase of the study involved classroom observations with 
the primary purpose being able to establish the instructional strategies teachers use 
during instruction when teaching number operations. All four lessons observed  
were transcribed (see appendix). 
There are very important elements that need to be considered when transcribing. Words 
such as “well…. er….I suppose….” are important elements of a conversation and should 
not be ignored. I took this into account when the lessons were transcribed. I did not use a 
typist to type my transcripts and did not have to inform or brief anyone how to transcribe 
as it is advised by Creswell et al. (2007).  
 
Interpretive researchers attempt to derive their data through direct interaction with the 
phenomenon being studied. Mathematics problem solving is an area of concern around 
the mathematics achievement of South-African students. It was found that South-African 
students fell furthest behind on cognitive tasks that required complex problem solving 
(TIMMS, 2011). Bogdan and Biklen (2003) define qualitative data analysis as ―working 
with the data, organising them, breaking them into manageable units, coding them, 
synthesising them, and searching for patterns‖.  
 
4.2 Observations 
When observation is used in qualitative research, it usually consists of detailed notation 
of behaviours, events, and the contexts surrounding the events and behaviours (Best 
and Kahn, 1998). 
The researcher will give a detailed account of events as they occurred in class. Learners 
were not aware that their responses were being observed by the researcher. The 
researcher ensured that a very casual atmosphere was created so that a true reflection 
of what was happening could be recorded. A focused observation was conducted where 
the researcher‘s perspective was narrowed to the processes and problems that were 
relevant to the research question; meaning even when other factors aroused careful 
consideration was made whether or not to transcribe these events. The researcher had 
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brief conversations with each teacher after the lesson observation this was done mainly 
to seek clarity on aspects the teacher or learners failed to do. One problem in 
ethnographic participant observation is often how to limit and select situations of 
observation in which the phenomenon under study becomes visible (Flick, 2007). 
Selective observation was done toward the end of each lesson to find further evidence or 
in some cases to strengthen the evidence collected. 
  
4.2.1 Mrs Latso’s Classroom observation in Grade Four  
Upon my class visit to teacher Latso at Morrow Primary School I found that she 
presented a lesson on rounding off to the nearest 1000. Before the start of her lesson 
she gave her learners a ten minute mental test.    
The mental test was based on addition and subtraction of whole numbers. Learners were 
given a total of ten sums and most of them failed to complete all the sums.  
 
When asked by the researcher why she thinks her learners do not complete their mental 
she responded by saying that they struggle with addition and subtraction of two and three 
digit numbers. 
Teacher: ―most of them do not even attempt to answer questions they battle with, I do 
encourage them not to leave blank spaces open on their mental but it seldom helps‖.  
 
The teacher started her lesson off by drawing the place value system on the black board. 
The numbers 4 672, 3 359 and 2 001 was written on the board she randomly asked 
learners to come to the front and place the digits under its correct place value. 
Learners were asked to write the numbers out in expended notation. This was done to 
reinforce place value and number value the teacher said. 
 
The following DBE exercise worksheet was done by learners as part of class work.  
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Figure 14.1: Rounding off to the nearest 1000, DBE worksheet Grade 4 
The learners happened to get a few attempted answers wrong at first because they 
struggled to see which thousand lie closest to certain numbers in terms of rounding off, 
but after the teacher drew the number line on the black board counting in intervals of one 
thousand. Learners seemed to have a better understanding of how to round off.  
The worksheet exercises at the bottom show the difference in response from participants 
before the teacher explained rounding off using the number line and their response after 
the teacher drew the number line counting in one thousand. 
 
Figure 14.2: Rounding off to the nearest 1000, DBE worksheet Grade 4 
 
4.2.2 Mr Fusion’s Classroom observation in Grade Seven 
Upon my class visit to Mr Fusion at Morrow Primary School I found that he presented a 
lesson on Commutative and Associative property and Integers. Before the start of his 
lesson he gave his learners a ten minute mental test based on addition and subtraction 
with the main objective to show learners inverse operations.  
In mathematics, an inverse operation is an operation that undoes what was done by the 
previous operation (Booker, 1992; Booker et al, 2014). The four main mathematical 
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operations are addition, subtraction, multiplication, division. The inverse of addition is 
subtraction and vice versa. The inverse of multiplication is division and vice versa. 
Mr Fusion had 39 learners in his class and all of them completed the mental test. 
 
The lesson was started off by reading to learners what the associative and commutative 
property is, the teacher reminded them that these are terms they dealt with during the 
first term. The teacher asked learners to write down the definition of these terms into their 
books and asked them to go back and recap.  
In attempt to refresh learners memory the teacher made an example explaining to 
learners that the commutative property in mathematics is when you swap the order of 
numbers and still arrive at the same answer He went on to say that 5 + 2 = 7 and 2 + 5 is 
also equal to seven.  
The associative property of addition was explained to learners by saying that ―when it 
comes to the associative property of addition, we DO NOT swap the order of numbers 
but we group them differently; for example if I have the following numbers  
5 + 6 + 8 I can start by grouping (5 + 6) together and leave out 8 then next I can group (6 
+ 8) together  leaving 5 outside of the bracket. 
Like this: (5 + 6) + 8 = 5 + (6 + 8)  
Teacher: ―Grade Sevens note that the order in which the numbers are standing did not in 
any way change and remember the answer that you get on the left has to correspond 
with the answer you get on the right‖. 
      
The following worksheet was explained to learners and they pasted it into their books.  
 
Figure 14.3: Grade 7 Worksheet on Associative and Commutative property 
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Learners‘ prior knowledge was tested by giving them the above worksheet. Most learners 
understood the difference between the associative and distributive property especially 
after the teacher made examples with simple addition sums such as 4 + 3 = 7 and  3 + 4 
= 7 and asking them ―what am I doing‖  Learners responded by saying that ―Sir is 
swapping the numbers around‖.  
The associative property was also explained very straightforwardly by the teacher telling 
learners that ―it does not matter how you group numbers, you still get the same answer‖  
The DBE worksheet based on commutative property was given to learners and they were 
given twenty minutes to complete it while the teacher walked around, after twenty 
minutes they all marked. 
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Figure 14.4: Grade 7 DBE Worksheet on Commutative property of integers with variables 
 
The teacher reminded learners about integers and that they need to be on the lookout for 
positive and negative numbers. 
Teacher: Please use a number line if you happen to struggle. I drew one on the board 
with two examples; remember all the numbers on the left of zero are your negative 
numbers and all the numbers to the right of zero are your positive numbers. 
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Figure 14.5: Drawing on black board explaining integers 
 
Learners referred to the example on the board to guide them in answering the worksheet 
based on commutative property of integers. The teacher also reminded them of what it 
meant to substitute when a variable is given. 
After the learners had each marked their own work it was clear that most of them 
understood the commutative property of integers. 
 
They completed the worksheet based on associative property and also did well as the 
teacher told them to concentrate and take their time.  
Teacher: Remember Grade sevens what you get on the left side should be the same on 
the right, so if you get an answer of zero on the left the same should be on the right.  
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 Figure 14.6: Grade 7 DBE Worksheet on Associative property of integers 
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Figure 14.7: Grade 7 DBE Worksheet on Associative property of integers with variables 
  
4.2.3 Mrs Sunny Classroom observation in Grade Five 
Upon my class visit to teacher Sunny at Beifa Primary School I found that she presented 
a lesson on Addition and Subtraction of mixed numbers. Before the start of her lesson 
she gave her learners a ten minute mental test.    
The mental test was based on addition and subtraction of whole numbers. Learners were 
given a total of ten sums and most of them failed to complete all the sums. 
 
Mrs Sunny had previously reported in the teacher background information (see annexure 
B) that her learner‘s mental cognition is poor. So it was not surprising to the researcher 
when most of her learners failed to complete their mental exercise.  
 
Mrs Sunny started her lesson off by asking the learners what a fraction is, what they call 
the number on top and what do they call the number at the bottom. Quite a few learners‘ 
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hands went up by responding ―the number on top is the numerator and the number at the 
bottom is the denominator‖ 
 
Mrs Sunny continued her lesson by asking the learners what else they can tell her about 
the numerator and the denominator. 
None of the learners raised their hands, 
When asked by the researcher why she asked this question she responded by saying 
that ―I wanted to see if one of them could at least tell me that when the denominators are 
the same then we do not add or subtract them from one another and that only the 
numerators are added or subtracted from one each other when the denominators are the 
same. 
 
The teacher wrote 
 
 
  
 
 
   on the board and asked learners what the answer would be. 
Most learners‘ hands went up and they said eight over nine which was correct.  
Mrs Sunny gave learners a DBE worksheet to complete in class and ended her lesson by 
giving the learners the rest of the worksheet to complete as homework including one 
problem solving exercise which included story sums. I noticed that the homework 
activities were not explained to the learners although it was based on addition and 
subtraction of common fractions.  
 
 
Figure 14.8: Grade 5 DBE Worksheet on addition and subtraction of fractions 
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Figure 14.9: Grade 5 DBE Worksheet on addition and subtraction of mixed numbers 
 
4.2.4 Mrs Pilan Classroom observation in Grade Six 
Upon my class visit to Mrs Pilan at Beifa Primary School I found that she presented a 
lesson on addition and subtraction of common fractions. Before the start of her lesson a 
problem solving worksheet was administered.    
The problem solving worksheet was based on basic number computation. Testing to see 
if learners can unpack a question and identify what is being asked. 
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Figure 14.10: Grade 5 DBE problem solving exercise (Learner 1) 
 
 
Figure 14.11: Grade 5 DBE problem solving exercise (Learner 2) 
 
Mrs Pilan reported that her learners‘ mental cognition is good.  
Most learners completed the problem solving tasks  in less than ten minutes.  
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Learners‘ answers differed especially with question d where it was found that they do not 
all know what a number sentence is.  
 
The lesson was started off by reminding learners that the denominator stays the same 
and only the numerator is added or subtracted; but the teacher also reminded learners 
that they need to ensure that the denominators are the same.  
The teacher wrote down 
 
 
  
 
 
 on the black board and asked what happens when the 
denominators are not the same? 
Learners responded by saying that we find the factors and the teacher said no! we find 
the lowest or highest common multiples. 
Teacher: ―Who can explain to me what a factor is and what a multiple is?‖ 
 
Learners hands went up but they seem to look confused by the terms.  
The teacher asked them to give her the first five ―multiples‖ of 3.  
She then reinforced by saying that ―multiples is when I count in a specific number for 
instance the multiples of two is 2, 4, 6, 8, 10 and so forth. 
 
Teacher: ―What about a factor?‖  
There was no response and the teacher went on to explain that a factor is a number that 
goes into another number without leaving a remainder. 
The Solutions for All textbook defines a factor as a whole number which can divide into a 
number without leaving a remainder, for example the factors of eight are 1, 2, 4 and 8. 
They all go into 8 without leaving a remainder.  
The teacher wrote:  
1 × 8 = 8 
2 × 4 = 8 
Teacher: ―See? No remainder‖.   
Learners were then given a DBE worksheet to complete after the teachers explanation.  
As they completed the worksheet the teacher continuously reminded them that what you 
do at the bottom needs be done on top. 
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Figure 14.12: Grade 6 DBE addition and subtraction of common fractions 
 
4.3 Interviews 
Seeing, listening and touching are primary sources of information about the world 
(Hesse-Biber and Leavy, 2004). The interview according to Hesse-Biber and Leavy  is a 
research – gathering approach that seeks to create a listening space where meaning is 
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constructed through an interchange of verbal viewpoints in the interest of scientific 
knowing. It was very important to listen and try to find meaning in what and how 
participants responded to the interview questions. 
The interviewees‘ responses were grouped into categories that bring together similar 
ideas, concepts or themes that were identified.  
Some teacher‘s responses were more than other teacher‘s responses, so as a 
researcher I reduced the mountain of raw data into manageable piles in order to retrieve 
relevant parts of information for the study. 
Coding therefore was simplified by focusing on the research question and aims. 
According to Neuman (2000) when a researcher codes by focusing on the research 
question coding becomes simplified.  
  
Themes were formulated from the interview responses within the questions. And coding 
was fairly descriptive and became more focused as focused coding allows the researcher 
to build on clarifying concepts and give readers a detailed report of the findings.   
The interviews were not transcribed as transcription of interviews is a change of medium 
and it introduces issues of accuracy, fidelity and interpretation. Kvale (1988) does caution 
researchers about this matter of transcripts. 
 
4.4 Summary  
As stated previously all four lesson observations were transcribed and interviews held 
with the eight teachers were coded. 
The aim of analysis of qualitative data is to discover patterns, concepts, themes and 
meanings. 
Differences in approaches to math instruction consistently point to the observation that 
nations who significantly outperform South Africa on math achievement have classrooms 
characterized by a focus on mathematical reasoning and problem- solving with students 
interacting with real-world problems (Darling – Hammond, 2010; Stevenson & Stigler, 
1992). The emphasis is on fewer problems with more depth of understanding where 
collaborative work on one problem could very well take the whole class period (Darling -
Hammond, 2010; Stevenson & Stigler, 1992).  
I therefore focused on collecting fewer classroom exercises but important ones that 
focused on in-depth understanding when working with problem solving.  
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This chapter has outlined the presentation of the data in this study and the next chapter 
provides a detailed analysis of the data. 
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Chapter 5 
Data Analysis 
5.1 Introduction 
The nature of the research problem and the data collection led me to use qualitative 
methods to relate, compare, and contrast the different types of evidence. The 
implementation of the Cognitively Guided Instruction approach followed an action 
research approach since the ultimate goal was for participants to improve on their 
teaching approach also to develop their thinking, modify their attitudes, and seek ways to 
overcome their difficulties in teaching certain mathematical concepts to enhance 
mathematical cognition. A short description of the analysis is given and the researcher 
also gives a detailed interpretation of the data results that were found through the 
interviews and the classroom observations.  
 
Teachers will be operating in their own classrooms, being fully aware what that their 
teaching strategies are being observed. According to Cohen and Manion (1994) such 
teachers will feel the need for some kind of change or improvement in their teaching, 
learning or organisation and will be in a position to translate their ideas into action in their 
own classrooms. 
Pre and post student work samples on problem solving scenarios in number operations 
were also collected and evaluated in terms of how best instructional strategies can 
enhance the learners mathematical cognition; I also looked into how the learners‘ 
problem – solving skills grew over the research period.  
 
5.2 Qualitative data analysis 
Data analysis is a reflexive part of the research process and comes directly out of your 
data collection (Hesse-Biber and Leavy, 2004). Interpretive researchers usually try to 
present their data through direct interaction with the phenomenon that is being studied.  
Bogdan and Biklen (2003) define qualitative data analysis as ―working with the data, 
organising them, breaking them into manageable units, coding them, synthesising them, 
and searching for patterns‖. The aim of qualitative data analysis is to discover patterns, 
concepts, themes and meanings. 
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As stated previously that mathematics problem solving is an area of concern for South 
African teachers and impacts student achievement, teachers contribute to this fact by not 
always developing meaning to mathematics symbols and procedures. 
Mathematics understanding for children is developed by relating the symbols to the 
representation, whether it is by making use of pictures, written symbols or constantly 
using real life problems which learners can relate to.    
Differences in approaches to math instruction consistently point to the observation that 
nations who significantly outperform South Africa on math achievement have classrooms 
characterized by a focus on mathematical reasoning and problem- solving with students 
interacting with real-world problems (Darling – Hammond, 2010; Stevenson & Stigler, 
1992). The emphasis is on fewer problems with more depth of understanding where 
collaborative work on one problem could very well take the whole class period (Darling -
Hammond, 2010; Stevenson & Stigler, 1992).  
I therefore focused on collecting fewer classroom exercises but important ones that 
focused on in-depth understanding when working with problem solving and number 
operations.  
 
In this study a couple of open-ended questions were posed to which teachers were 
required to respond in writing. In these processes useful information that may be closely 
linked to their experiences can emerge. Several sources of qualitative data were 
collected by the researcher to capture the true challenges in problem solving skills.  
 
Data collection included eight interviews before classroom observations and afterwards a 
follow-up interview was conducted to seek clarity on certain aspects that were found not 
to be clear in the classroom.  
As a researcher it is important to ensure that suitable procedures are in place to help with 
the describing of events like what was seen. The researcher remained the observer 
during classroom lessons and did not at any point become a participant. Certain parts of 
the lesson were recorded to later help with the transcribing.  
Field notes were taken to help give a detailed analysis and helped in not forgetting 
important information.  
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5.3 Data analysis process 
The research of this study was guided by the fact that it is a qualitative study. In order for 
researchers to build theory and potentially arrive at conclusions about the phenomenon 
under study they go through a process of coding which according to Hesse-Biber and 
Leavy (2004) consists of describing themes or ideas in chunks.  
As a researcher I found it useful to convert data into specific units of analysis to answer 
my research question; at first data was sifted, sorted and organised in such a way that 
the emerging themes addressed the original problem of the study. 
 
Data was analysed by reading and re-reading of data. The lessons which were 
transcribed were read more than once. Through re-reading the transcripts, ideas came 
fourth about what each sentence actually meant. Ideas were linked to what literature 
says.  
Data cleaning and data reduction was done to eliminate data that is overwhelming and 
that is too much for the researcher. 
Only data that was considered important was focused on. Neuman (2002) states that the 
nature of analysing data should be determined by the nature of the research question as 
well as the purpose of the research study. 
The categories were identified by reading through the interview questions more than 
once. By reading through each answer in response to the question, ideas formulated by 
what each individual teacher meant and these ideas were jotted down on a separate 
piece of paper under each question in order to identify themes. 
 
The interview questionnaire had a total of ten questions and ten categories were 
classified namely: 
1. Introduction of lesson by teachers 
2. Mental Mathematics  
3. Catering for different cognitive levels 
4. Barrier in number operations 
5. Strategies used to address difficulty experienced when dealing with number 
operations 
6. Problem solving challenges 
7. Methods used to address problem solving challenges 
8. Acquisition of multiplicative reasoning 
9. Effect of group work 
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10. Guided instruction 
 
Themes were formulated within the categories which were identified through the 
interview questions.  
Coding in this study is a very important aspect of data analysis and it‘s the process 
whereby the participants‘ responses were grouped into categories to bring about similar 
ideas and concepts. Through coding, themes were identified. The codes which were 
applied enabled the researcher to organise the data so that careful examination and 
analysis could be done in a structured way.   
The raw data (see appendix C) was reduced so that the researcher could easily manage 
the piles of data and retrieve the most relevant parts thereof.  
Coding in this study was done by using an abbreviation of the categories. 
 
The coding of categories and themes were coded as follows: 
5.3.1 Introduction of lesson by teachers 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Intro-of-less-by-
teach 
Place values and 
expended notation 
|| 2 
Number Values, 
recognition and concept 
|||| 4 
Order of operations || 2 
Testing Prior knowledge |||| 4 
Using concrete 
examples 
|||| 5 
 
The data from the interview responses indicated that the order of operations and place 
value is the least important aspect that is tested when teachers introduce their lessons. 
Most teachers first test learner‘s prior knowledge by either revising previously content 
taught and by making use of concrete examples, whether by using counting charts, 
pictures or number lines. The data retrieved through the interviews also show that 
teachers have certain routine procedures in their classrooms to assist learners with 
number recognition and number concept. Two of the teachers reported to make use of 
place value when introducing lessons. According to Small (2015) much of the work with 
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numbers is built on the fact that numbers are written in such a way that the value of the 
numeral is dependent on its placement in the number. For example 5 in 57 is worth 50, 
but the 5 in 75 is only worth 5 units. Only when learners are taught the importance of 
place value in numbers will they be able to move on and precede working with three digit 
numbers.  
One of the teachers stated ―Learners count from any given number, this routine helps 
learners with number recognition and number concept”, another teacher stated ―I 
introduce lessons by first revising previous concepts or knowledge relating to the current 
lesson; this allows learners to use knowledge they already have in order to get a better 
understanding of the content”.  
From the data retrieved from all eight participants it was found that most of the teachers 
make use of concrete examples to introduce and explain concepts in lessons when doing 
number operations.   
One of the key numeracy strategies that is stated by Bird (2009) is that teachers should 
start each lesson by making use of concrete materials, to make sure that the 
mathematical equipment is sound and robust enough to model a wide range of numeracy 
topics. The fact that primary school teachers allow children to use the materials such as 
number charts to point at themselves instead of the teacher demonstrating alone in front 
of the class is a great approach in addressing difficulty in numeracy (Bird, 2009).  
 
 
Bird states that teachers should never allow learners to use concrete materials 
mechanically simply to find answers since a concrete material‘s value lies in the way it 
can be used to support visualisation techniques and to build cognitive models. 
 
5.3.2 Mental Mathematics 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
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Men-Math Quick recall of 
information 
|| 2 
Calculation techniques | 1 
Accuracy | 1 
Challenges the mind ||| 3 
Speed ||||| | 6 
 
The main goal of mental mathematics is for learners to be able to understand math 
concepts and to be able to solve problems in a logical way.  The data collected revealed 
that most teachers feel that mental mathematics help their learners calculate with speed 
or enables them to quickly recall information. None of the teachers reported that mental 
mathematics has helped improve learners‘ performance in mathematics. 
 
According to Billstein et al. (2010) mental computation becomes efficient when it involves 
algorithms that are different from the standard ones done using a pencil and paper, 
Billstein (2010) states that mental computational strategies are quite personal and that 
teachers should not dictate to learners which method they should use to get an answer.  
It is very important for teachers to let learners become independent thinkers and be able 
to solve problems using their own flexibility, creativity and their understanding of number 
concepts and properties. 
 
5.3.3 Catering for different cognitive levels 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Cat-for-diff-cog-lev Concrete examples  |||| 4 
Building on pre-existing 
knowledge 
||| 3 
Drilling || 2 
Higher order questions | 1 
Knowledge routine procedure | 1 
Differentiated questions || 2 
Levelled examples and 
questioning  
| 1 
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The use of concrete examples was another important aspect that was mentioned by 
teachers when they were asked how they cater for the different cognitive levels when 
presenting their lessons.  
 
The above teacher mentioned that she does not ask learners the same question. 
Learners are different and they should not all be assessed on the same level. Although 
the teacher knows this, it was found that no special assessments were set for learners 
who experience barriers when dealing with number operations. 
 
Another teacher responded by saying ―Regardless of which topic you teach, you’ll always 
start your lesson at a very elementary level first. I’ll go right back to a gr. 3-4 level. Once I 
see the concept is understood, I gradually advance to the next level until I reach my goal. 
This can be time consuming, but effective. Drilling the previous week is important”.  
 
5.3.4 Barriers in number operations 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Bar-numb-opera Division  |||| | 6 
Multiplication |||| 5 
Addition   
Subtraction   
 
The greatest challenge reported by teachers was that their learners struggled with 
division and multiplication. Six of the teachers reported that their learners struggled with 
multiplication where it was found that three of the six teachers also reported that their 
learners struggle with multiplication as well as division. 
This was not surprising at all since they are inverse operations. 
A big error of concern was that two teachers reported that multiplication is repeated 
addition.  
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Literature points to the fact that multiplication is not repeated addition and that teachers 
who teach their learners that it is repeated addition create problems for their learners. 
Multiplication of natural numbers certainly gives the same result as repeated addition, but 
that does not make it the same (Harel and Confrey, 1994).  
 
5.3.5 Strategies used to address difficulty experienced when dealing with number 
operations 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Strat-use-for-numb-
opera 
Drilling ||| 3 
Repetition ||| 3 
Concrete examples |||| 5 
 
One of the teachers mentioned in a previous question that she uses ―drilling‖ to 
accommodate learners of various cognitive levels. 
Learners learn mathematics best through repetition and drilling and it becomes more 
effective when the teacher makes use of concrete examples. 
According to Piaget (1965) continuous practicing and repetition of number operations 
need to take place for successful conceptual growth in learners. 
 
5.3.6 Problem solving challenges 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Prob-solv-chall Reading with 
understanding 
|||| 5 
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Fail to understand 
question 
||| 3 
Concentration | 1 
Breaking up information | 1 
 
The findings indicate that most teachers are aware that their learners struggle to read 
with understanding or comprehension when it comes to problem solving in mathematics. 
 
Boaler (2002) encourages teachers to teach learners how to link various mathematical 
areas since mathematics problem solving requires much more than a simple recall of 
facts and procedures. Having a learner read the question over and over again does not 
necessarily assist with problem solving in mathematics. With problem solving being so 
complex, teachers should assist by questioning learners and providing further assistance 
to guide them. 
Teachers can make use of Polya‘s (1945) first principle of problem solving which is to 
see if the learner understands the question and next to see if they know what they are 
being asked to find or show. 
One of the teachers responded by saying that “I encourage learners to use trial and error 
methods of learning and solving problems”. This is also a good approach for teachers to 
use, since it has been found that learners learn through trial and error. 
 
5.3.7 Methods used to address problem solving challenges 
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Meth-used-for-prob-
solv 
Concrete apparatus || 2 
Role play | 1 
Scaffolding | 1 
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Group work || 2 
Building on prior 
knowledge 
|| 2 
 
The major theme that was formulated in analysing responses to this question is that most 
teachers make use of concrete apparatus whether by allowing learners to draw or using 
their own illustrations. Group work was also found to be effective when helping learners 
to solve problems. Two teacher participants also reported that they build on learners‘ 
prior knowledge.  
 
 
Using concrete material seems to help teachers assist learners who experience difficulty 
with problem solving.  
A specific difficulty in mathematics knowledge according to Gravemeijer (1997) is in its 
abstract nature. Learners often find it hard to link the mathematics they learn in the 
classroom to real life situations, and also have difficulties making the connections 
between the mathematics knowledge they already have and what they learn in the 
classroom. 
 
5.3.8 Acquisition of Multiplicative Reasoning  
CODING THEMES NUMBER OF TOTAL 
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RESPONDENTS 
Aqui-of-mult-reas Change level of teaching | 1 
Challenging questions  | 1 
Concrete materials || 2 
Zone of Proximal 
Development  
||| 3 
Reading/Unpacking 
questions 
||| 3 
 
The findings indicate that the majority of respondents assist their learners make sense of 
something in mathematics by helping their learners reach the zone of proximal 
development. In a mathematics classroom the teacher as the mediator can make use of 
authentic examples and collaborative exercises to allow learners to engage and learn on 
a level that they would not be able to if they were working individually. According to 
Vygotsky (1978) when children reach this level, then they have reached the zone of 
proximal development.  
The findings also indicate that teachers read and unpack questions to assist learners 
with their reasoning. Polya (1945) first principle encourages teachers to ensure that 
learners understand what is being asked and if they understand all the words used in a 
question.   
 
5.3.9 Effect of group work  
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Eff-of-group-work Solving higher level order 
questions 
|||| 4 
Helpful ||| 3 
Not Conducive ||| 3 
 
The findings indicate that although teachers acknowledge that group work helps, they 
mostly use it to address higher level order questions; teachers also reported that it helps 
learners to interact with one another. 
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Another finding was that teachers do not find group work helpful at all and say that it is 
not conducive due to the large classroom sizes they have. 
 
 
 
5.3.10 Guided Instruction  
CODING THEMES NUMBER OF 
RESPONDENTS 
TOTAL 
Guid-Instr Frequently guided |||| || 7 
Giving clues | 1 
Reading to lead || 2 
The findings indicated that teachers frequently guide their learners through instruction, 
where some teachers reported that that they do it on a daily basis.  
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5.4 Observations 
When classroom observations were conducted, they were conducted having only one 
aim in mind, which was to look for patterns and behaviour in order to understand how the 
instructional strategies teachers use does in fact enhance mathematical cognition. 
The researcher used a classroom observation checklist focusing on categories distilled 
from their lesson outline making it easy for the researcher to know which elements of the 
lesson to take note of. 
As previously stated the purpose of the observations was to identify the teaching 
strategies used by teachers and to triangulate these observations with the interview and 
the problem solving survey. For that use, observations were analysed from the 
transcripts using the classroom observation checklist and taking the following criteria into 
account.  
1. Teacher preparation 
2. Teaching 
3. Technology and mathematical apparatus 
 
 
 
5.4.1 Grade 4 Observation 
In the Grade 4 classroom observation it was found that although learners struggled to 
round off at first, they were able to do it on their own after the teacher made use of a 
concrete example (drawing of number line) counting in intervals of one thousand. 
Because learners had prior knowledge of place value and rounding off, they were able to 
complete their classroom exercise successfully merely by looking at the number line and 
applying the concept.   
Learners used their pre-existing conceptual knowledge and were then able to reduce the 
new information to accommodate the old knowledge.  
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The teacher took her learners through the work in a very slow pace, ensuring they all 
understand before she went on to a different question. Immediate intervention was done 
when she noticed that learners did not understand the instruction due to seeing that they 
rounded off wrong. 
 
5.4.2 Grade 7 Observation 
In the Grade 7 classroom observation it was found that the teacher focused on 
mathematical vocabulary and encouraged learners to write down the definitions of the 
terms they were dealing with.  
Since the teacher had dealt with Associative and Commutative property during the first 
term he kept testing learners‘ prior knowledge by making use of examples that most 
learners found relatively simple and easy to answer and then gave them all a worksheet 
to complete. It is very important for the teacher to access the learner‘s learning zone 
through joint activity in order to stimulate the learning process.  
The teacher walking around and assisting where needed while the learners were working 
also helped the learners working on the activity. Teachers who walk around during 
classroom teaching are able to quickly identify what the learners know and needs to 
know. A teacher who walks around in class is also able to quickly pick up any errors or 
misconceptions a learner might have and this can be addressed immediately.  
Assistance according to Dalton (2008) is most effective when it precedes the 
development of understanding and begins to awaken learning. Dalton also states that 
assistance should not only be limited to teachers but may also come from component 
others such as peers or even parents.  
 
5.4.3 Grade 5 Observation 
The Grade 5 classroom observation revealed that although learners know that a fraction 
consist of a numerator and denominator most of them do not know how to express what 
the function of the denominator is when it comes to addition and subtraction of fractions. 
Learners could not explain to the teacher that when denominators are the same then the 
fractions do not get added together but that it remains the way it is. Although the grade 
five learners could not express themselves the study found that they did very well in 
answering questions in the DBE book.  
When dealing with fractions it is advisable to use different concrete/ manipulative models. 
The teacher writing a fraction sum on the board and leaving learners to reply by saying 
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that the answer is eight over nine instead of eight ninths can become a contributing factor 
that learners do not understand fractions as numbers but as separate whole numbers.  
 
5.4.4 Grade 6 Observation 
The Grade 6 classroom observation revealed that most learners do not know what a 
number sentence is and that when given story sums that they do not show any 
calculations but instead just write down an answer.  
The teacher should encourage learners to write out the steps especially when it comes to 
problem solving.   
The teacher did corrections with the learners and also re-explained some questions 
using fraction pieces and diagrams to improve on learner‘s conceptual understanding. 
According to Siegler (1998) learners are able to solve problems informally but not when it 
is presented symbolically. Like in the grade five class learners need to understand that 
fractions represent a single quantity.  
 
5.5 Problem Solving Survey 
When responding to the problem solving survey questionnaire all eight participants 
agreed that asking learners frequent higher order questions during instruction prepares 
them for success on classroom and benchmark assessments such as the Annual 
National assessments, Olympiad papers and even provincial papers. What appeared to 
be interesting to the researcher is that teachers agree to this statement but do not 
incorporate higher order questions during instruction.  
 
The study also found that seven out of the eight participants agreed that higher level 
questions should be frequently asked during instruction to assist with the development of 
learners‘ problem solving abilities.  
 
Thirdly, the survey revealed that six out of the eight participants disagreed that problem 
solving is time consuming and that only learners who are performing exceptionally well 
should be given higher level order questions whilst the very same six participants 
strongly agreed to the last survey question which stated that content coverage does not 
allow for teachers to focus on higher level order questions during instruction; meaning 
that although teachers see including problem solving into their lessons as essential, they 
also acknowledge that it takes time which they report not to have.   
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The participants in the study did not agree that higher level order questions should be 
asked to prepare learners for challenging assessment questions, most participants feel 
that all learners should partake in such exercises during instruction. Lastly, participants 
noted that they do not carefully plan for the inclusion of higher level questions during 
instruction; this could be as a result of the content teachers need to cover.    
 
5.6 Data Analysis 
From the study it was clear that not all teachers activate their learners‘ curiosity about a 
topic before teaching it. Teachers did in fact not engage their learners throughout the 
learning process. 
When questions were asked and no response was given from  learners, it was found that 
teachers do not probe critical thinking skills in learners to assist keeping them on task.  
A good practice which was observed in the class visits was that all teachers in both 
schools administered mental mathematics before they began teaching.  
Mental maths helps learners solve math calculations in their head. 
From the interview questions teachers reported that they continuously drill work with 
learners and enforce repetition. Piaget (1965), states that repetition and continuous 
practicing of number operations is needed for successful conceptual growth in learners. 
The study did however reveal that the activities which teachers gave to learners did 
enable them to gradually  build understanding but there are learners in each class which 
the teacher should attend to individually by assessing them differently since it was 
revealed in the problem solving survey that not all learners are on the same cognitive 
level  
 
5.7 Summary 
This chapter reported the research analysis, interpretation and presentations that were 
generated from the interviews which were held with the eight teacher participants. In 
addition, it analysed the responses from the problem solving survey that were given to 
the teacher participants and the four classroom observations that were conducted.  
The interview responses were analysed, interpreted and presented as indicated by the 
respondents. 
One of the findings in analysing the data is that, if mathematics teaching is to be 
successful, mathematics thinking and learning must be made real for children. This 
according to Pound (2008) can be done by drawing meaningful and real connections to 
everyday life experiences. The teaching strategies teachers use should be relevant to the 
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concept learners are being taught.  Teachers should make use of concrete material as 
much as possible and should give the learners the opportunity to make mistakes as this 
encourages them to see their errors and learn from it. 
In the Grade 7 classroom observation it was evident that learners will learn mathematics 
if it is made real for them and if they are able to see the connections between what the 
teacher wants them to learn and what they themselves are interested in learning. 
Evidence gathered also suggests that failures to solve problems can be attributed to 
failure to understand the problem adequately; meaning it can also be the teacher who 
fails to construct adequate initial problem representations. 
Lastly teachers should teach new concepts by building on prior knowledge and guide 
learners by using what they already know so that they themselves can make the 
necessary connections explicit.  
 
The next chapter discusses the research findings, limitations and the recommendation 
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Chapter 6 
Discussion of the research findings, limitations, 
recommendations and remarks. 
6.1 Introduction 
This chapter presents findings which have been found through the interview questions, 
classroom observations as well as a questionnaire conducted amongst primary school 
mathematics teachers.  
The interview questions were distributed to eight mathematics teachers in two primary 
schools mainly to get insight into the instructional strategies they use during classroom 
teaching in order to enhance mathematical cognition and to identify how best to 
implement these strategies for optimal mathematical cognition at Primary school level so 
that learners are able to successfully solve mathematical Problems when dealing with 
number operations. 
Teachers completed the interview questions and returned them to the researcher.  
Four of the eight teachers were purposively sampled for classroom observation; a 
classroom observation checklist was used when classroom observations were done. 
Classroom observations were conducted to identify modes of representations used by 
learners and teachers and to see how teachers assist learners when dealing with 
problem solving in mathematics.  
 
In chapter two, the literature review was researched with the purpose of identifying what 
learners should know to be proficient in the use of mathematics concepts and procedures 
for problem solving and strategies teachers can use to enhance learner‘s mathematical 
cognition to promote understanding of mathematics with reference to number operations 
since it is important for learners to be proficient when dealing with number operations.  
Number operations are the building block for any content area in mathematics and for 
learners to be proficient and successful in mathematics their teachers should ensure that 
they have a strong basic number operations background.   
The findings of this research are presented and discussed by what the literature has 
exposed.  
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6.2 Findings 
The study found that the teacher who specialised in Mathematics had a better 
understanding of learner mistakes and misconceptions and was able to rectify it 
immediately by making use of authentic examples using manipulative models, pictures 
and written symbols.  
 
During the classroom observations the researcher found that teachers did not ask 
learners questions throughout the lesson such whether they understood all the words 
used in stating the problem when problem solving was done. It was found that teachers 
did not ask the learners if they knew what they were asked to find or show and whether 
they were in a position to restate the problem in their own words by making use of 
drawings or diagrams to better understand the problem. 
Polya (1945) requested for teachers to ensure that children have enough information to 
help them find a solution to a problem.   
 
Overall the study found that when conducting classroom observations that learners of 
teachers who knew more about their learners thinking had higher levels of achievement 
in problem solving than learners of teachers who had less knowledge or background of 
their learners‘ thinking and capabilities. Teachers focused more on responses from their 
―bright‖ learners and carried on with their lessons without ensuring if the rest of the class 
is equipped with all the tools necessary to answer certain questions.  
In a related study (Peterson et al. 1989), found that classes of teachers whose beliefs 
were more consistent with principles of CGI tended to have higher levels of student 
achievement than classes of teachers whose beliefs were less consistent with principles 
of CGI.   
The classroom observations also revealed that group work was not encouraged by 
teachers. Literature supports the idea of group work as it encourages learners to work 
together especially when solving problems. Teachers are advised to ask learners to 
explain how they solved a problem. This not only enables the teacher to understand 
learners‘ methods but will help in assisting the teacher to identify misconceptions and 
understand the different ways in how learners see various ways of solving the same 
problem. 
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6.3 Conclusion 
The study highlighted the importance of the different instructional strategies teachers 
should use in order for them to enhance learners mathematical cognition.  
Teachers should differentiate questions to students according to their performance, but in 
order for teachers to do this, they should know their learners thinking capabilities. 
Splitting the class into a number of small groups engaged in different tasks is one way 
Muijs and Reynolds (2001) propose learning barriers can be addressed. This strategy 
can help the teacher to deal with learner differences. This can possibly also help solve 
some problems involved with individualised instruction as it allows learners to interact 
with each other and allows the teacher to have more teacher-student and student- 
student interaction.  
An active learning environment which fosters curiosity, problem solving opportunities 
should be created by the teacher. Teachers are the architects of their classrooms and 
need to consider how they integrate and foster mathematical opportunities for their 
learners.   
  
6.4 Limitations 
The data collection techniques did not allow the researcher to observe and collect SBA‘s 
(School Based Assessments) which were administered by the teacher, this mainly 
happened due to time constraints as teachers were still busy setting tasks for the term. 
Collection of assessment tasks would have been compared to the responses that were 
gathered from the problem solving survey to see if and how teachers did incorporate 
higher level order questions in their assessments to cater for the different cognitive levels 
of learners and whether it is appropriate to the age and cognitive level of their learners.  
 
6.5 Recommendations 
Based on the results of the study the following recommendations were made: 
6.5.1 Mathematics teacher 
Mathematics teachers should consider giving learners less homework exercises and drill 
more classwork exercises. 
In the event where classroom activities are given, it should be peer marked immediately 
after a few minutes in order for the teacher to identify any errors or misconceptions that 
are or were formed instead of giving the learners work to go and complete at home 
without really establishing if they do understand everything.  
113 
 
As mentioned earlier, children easily develop misconceptions about the meaning of 
mathematical concepts but it is important for the teacher to address it from the start.  
Mathematics teachers should allow learners to use manipulatives to discover number 
patterns and relationships so that they are able to model particular word problems. 
Carpenter et al. (1988) state that most teachers‘ understanding of problems and 
strategies is not well connected, and most do not appreciate the critical role that 
modeling and counting strategies play in children‘s thinking or understanding that more 
than a few students are capable of using more sophisticated strategies. 
 
According to Dalton (2008) new concepts can be introduced and developed in problem 
solving activities. Practical problems, such as calculating the amount of paint needed for 
a project at home or even at school all have correct answers. The teacher can also use 
examples such as the amount of tiles needed for a room can also be made practical by 
first calculating the area of the room. 
Dalton suggests that teachers always start with a problem that has a solution with a 
correct answer so that learners can have a point of reference or something to look at to 
guide them in order for them to explore the dimensions of problem solving.  
     
6.5.2 Pedagogical content knowledge 
Teachers should be well equipped with different teaching methods and they must have a 
strong knowledge base of Mathematics. If a teacher‘s knowledge base is weak, it results 
in instructions that further weaken the learners‘ concept image. Luneta (2014) states that 
if a teacher has a weak knowledge base than it causes what he calls ―unstable cognitive 
structures‖ that lead to misconceptions and errors. 
Concrete experiences are needed; teachers might use manipulatives with learners to 
explore concepts such as place value and arithmetical operations. 
 
Most teachers teaching mathematics in primary school are not qualified or trained to 
teach mathematics. With the classroom observations it was found that 80% of the 
teachers teach in a way that indicates that they have been trained to teach mathematics 
in a circumscribed way, it was found that although they use effective teaching strategies 
that they were not using mathematical pedagogic methods due to the weak knowledge 
base they have.  
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The researcher is recommending that further research be conducted on individual 
teacher factors that have an impact on their teaching practice to such an extent that their 
learners fail to develop a strong knowledge base when dealing with number operations.   
The essence of teaching mathematics should be to provide activities and experience for 
learners that will help them in building understanding and improve on their logical and 
reasoning capabilities to extend their knowledge of facts and procedures. 
 
6.5.3 Instructional Strategies 
Learners need to find themselves at a level of strategic competence where they are able 
to formulate realistic math problems, represent them and to be able to solve them. In 
order to do this, effective instructional strategies should be used by the teacher. In order 
for effective mathematics teaching to take place, teachers should make use of 
structuring, questioning and probing; by doing this it will enhance the quality of instruction 
and learning and will automatically have a great impact on student‘s performance in 
mathematics.  
Learners should be tested and assessed on the correct cognitive level and the teacher 
should always make use of prior knowledge as this was found to be of help when 
building on new knowledge so that learners can make the connection.  
Cooperative learning is encouraged as this method helps learners come up with different 
ways in how they can solve problems. Weak learners are able to hear how other 
learner‘s reason at an abstract level and can engage in the conversation with their peers, 
however the teacher needs to also be actively involved in this process by walking around 
in class ensuring that weak learners don‘t just sit and copy the answers from their peers. 
Learners with learning difficulties in mathematics can benefit from cooperative learning 
because members of the group support each other so that they attain certain goals.   
 
6.5.4 Teacher Training  
From the teacher background information (see annexure B) it was found that most 
teachers last received training on instructional strategies in 2012 when the CAPS 
curriculum was introduced. The department of education should ensure the improvement 
and implementation of professional development programmes focussed not only on 
addressing content coverage but on pedagogic content knowledge and effective teaching 
strategies which should be used for different content areas.  
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Teachers should also be equipped with the necessary skills to address the inflexible 
curriculum by being trained how to work with diverse learners and adapting their teaching 
strategy from time to time.  
Teachers can teach learners different calculation techniques to assist them in calculating 
sums with speed since it was found that quite a number of learners failed to complete 
their mental exercise due to time constraints. With regards to mental mathematics which 
is done on a daily basis it is recommended that teachers should not assume that learners 
do not complete their work because they struggle with addition and subtraction, or 
because their mental cognition is poor.  
Since it was found that mental mathematics is a daily routine, teachers can use other 
forms to test learners speed and accuracy.  
Teachers can encourage learners to use multiple strategies to solve a math problem, this 
will help them make strong connections between operations, and they will begin to see 
patterns and structures in mathematics that will start to make sense to them eg. Mrs 
Latso in grade 4 gave a lesson based on rounding off but started her lesson off with the 
place value system where she could  have used the place value based methods to show 
her learners and help them realise that they can break down any addition problem by 
place value and try a similar method for subtraction.   
 
6.6 Further Research 
Further research can be conducted into how the South African education system can 
make provision for teachers to test learners based on their capabilities. Currently SNA 1 
referral forms are filled in by teachers if they observe that a learner is struggling or that 
he/ she has a learning barrier, but these learners are not referred immediately and still 
need to cope within the mainstream.  
 
Learners with learning barriers do not function and reason on the same level and it is 
challenging for the teacher to bridge this gap even if they are using the best teaching 
strategies, and making use of concrete material. Having a classroom with more than 
fourthy learners to work with is frustrating and does not benefit the less advantaged 
learner. Learning most effectively takes place when the child is engaged in activities with 
support and guidance from the teacher. It is very challenging and difficult for primary 
school mathematics teachers to support and guide learners when they are sitting in 
overcrowded classrooms. Weak learners receive very little attention from teachers 
because teachers are in no position to provide daily opportunities to practice skills and 
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bring them up to the cognitive level of their peers due to the fact that the curriculum is 
inflexible and diversity is not taken into account in terms of a teacher‘s teaching style and 
tempo of teaching and learning.   
The researcher also suggests that further research be conducted into how learners can 
be accommodated in the mainstream through individualised learning approaches taking 
into account all the contextual factors like overcrowded classrooms, whereby different 
learners can learn individually at their own tempo. 
 
If teachers are to ask learners higher level order questions then they should be trained to 
do so since all learners do not function on the same cognitive level. Different higher level 
order questions should be asked for learners who perform average, above average and 
poorly. From the problem solving survey it was revealed that teachers do not plan for the 
inclusion of higher level questions during math instruction.  
Further research should be conducted into verifying if content coverage is the reason 
teachers do not plan for the inclusion of higher level order questions during instruction. 
 
6.7 Remarks 
This study highlighted the importance for teachers to be able to adapt their teaching 
methods depending on the mathematics topic being dealt with, instead of only using one 
approach or one instructional strategy to deal with several mathematics content topics.   
 
The study also made it clear that teachers did not use a combination of instructional 
strategies and as a result learners do not have a deep conceptual understanding when 
working with number operations and problem solving. 
In order for learners to succeed academically their teachers should incorporate problem 
solving questions in the daily math instruction, this will not only develop learners 
academically but will also develop adaptable understandings of content knowledge, 
efficient use of basic skill sets and the ability to apply both knowledge and skills critically.  
 
The findings of the study showed that teachers who specialised in mathematics have a 
strong knowledge base of mathematics and were able to immediately rectify 
misconceptions and errors learners brought to class by testing their prior knowledge 
unlike teachers who did not specialise in mathematics. 
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Teachers with a strong knowledge base of mathematics and what the content entail were 
also able to scaffold learners by helping them do what they could not do on their own as 
well as address misconceptions immediately. 
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Appendix A 
LETTER OF CONSENT 
My name is Ethel Doreen May and I am currently a Masters student at the University of 
Johannesburg completing a full dissertation in Mathematics Education. As part of my 
research project I am undertaking a qualitative study to gain understanding and insight 
into the instructional strategies teachers use in Mathematics classrooms to enhance 
Mathematical cognition. Qualitative research involves interviews and observations as 
some of the techniques used to gather data.  
As a part of my research I would like to conduct a 30 – 40 minute interview with you as 
well as a 30 – 40 minute classroom observation. 
The interview responses will be written out and later coded for analysis 
The classroom observation will be recorded and later transcribed by me into a written 
format. 
Researcher Name: Ethel May   Researcher signature: ____________ 
Date: 07/08/2017 
___________________________________________________________________ 
If you agree to be involved in this project as participant, insert your name, surname and 
signature in the spaces provided below.  
Name and Surname: ______________________________________________ 
________________________________ (August – September 2017) 
Signature of participant 
I would like you to know that: 
 You may respond or not to any inquiry without prejudice and may withdraw from
the interview at any time.
 The names of your learners as well as yours will not be used in the study. If
necessary a pseudonym will be used.
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 You may review the transcript and delete any portion you feel is not captured
correctly.
 No names will be placed on the interview responses.
 The material generated from the interview will become part of a written research
project that satisfies the requirements of my master‘s programme.
The finished study will be available for your viewing upon request. 
 Given the nature of the study, I do not foresee any unusual risks to you as
participant.
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Appendix B 
Teacher Background Information 
Teacher: ____________________________ 
1. Where do you originally come from?
______________________________________________________________________
______________________________________________________ 
2. How many years teaching experience do you have?
______________________________________________________________ 
3. Have you taught mathematics throughout your teaching career?
______________________________________________________________________
______________________________________________________ 
4. What is your teaching qualification?
______________________________________________________________ 
5. How many years have you been teaching Mathematics?
______________________________________________________________ 
6. Has the department of education ever offered you workshop on effective
instructional strategies?
______________________________________________________________ 
7. Would you say your learners mathematical cognition is:
Poor Fair Average Good Excellent 
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Appendix D 
Problem solving Questioning Survey 
The purpose of this survey is to collect information about the importance of problem 
solving in mathematics.  
The questionnaire forms part of a master’s research project in the Department of 
Mathematics Education at the University of Johannesburg.   
This project attends to investigate the instructional strategies that teachers use to 
enhance mathematical cognition among primary school learners.  
Please complete the demographic information below. 
1. How many years of teaching experience do you have?     
____ 0‐2 Years ____ 3‐5 Years  ____6‐8 Years ____  9-11 Years  ____ 11 + Years 
2. During your teaching career what grade levels have you primarily taught Mathematics?
         
 Gr 1 ‐3 ______    4‐6 ______  7‐9 _______ 10‐12   _______      
The following segment of question relate to the degree of importance attached to higher 
level questioning in instruction (Problem Solving). Please indicate your degree of 
agreement with each of the following by ticking the appropriate block. 
3. Asking students frequent higher order questions during instruction prepares them for
success on classroom and benchmark assessments. 
Strongly Agree 
Agree 
Disagree 
Strongly disagree 
4. Asking higher level questions frequently during instruction is important for the
development of student‘s problem solving abilities.
Strongly Agree 
Agree 
Disagree 
Strongly disagree 
5. Problem solving is time consuming and only learners who are performing exceptionally
well should be given higher level order questions.
Strongly Agree 
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Agree 
Disagree 
Strongly disagree 
6. Higher level order questions should only be asked to prepare learners for challenging
assessment questions.
Strongly Agree 
Agree 
Disagree 
Strongly disagree 
7. I carefully plan for the inclusion of higher level questions in my math instruction.
Strongly Agree 
Agree 
Disagree 
Strongly disagree 
8. Content coverage does not allow for teachers to focus on higher level order questions
during instruction.
Strongly Agree 
Agree 
Disagree 
Strongly disagree 
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Appendix E 
Classroom Observation Sheet 
Teacher preparation Yes No Findings and Reason/ Why 
Clear specific objectives for the lesson 
Selection of materials and resources 
needed. 
Teaching 
Use of teaching techniques according to 
the objectives 
(error corrections, mental maths, 
instructions, explanation / feedback and 
evaluation 
Use of informal and meaningful 
communication 
eg. How the questions were explained. 
Learners actively involved in class 
Group work or peer discussions. 
Problem solving 
The use of realistic problems in teaching 
Technology and mathematical apparatus 
Use of equipment needed for teaching 
eg. black board or white board.  
Use of material needed for teaching eg. 
Counters or any other mathematical 
apparatus.  
Other Findings of concern: ____________________________________________ 
______________________________________________________________________
________________________________________________________________ 
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Appendix F 
Transcript of observed lesson in Grade 4 class 
Communication Action Result/ Reason/ mode of 
representation 
Teacher: ―Learners please 
take out your mental and 
you have 10 minutes to 
complete.‖ 
Teacher: ―I want you to go 
to page 30 in your DBE 
workbooks.‖ 
Teacher: ―Let‘s quickly go 
through page 30.  
Which one would be 
easier to say?‖ 
Class: ―Two thousand.‖ 
Teacher: ―Yes that is with 
regards to the first 
scenario right?‖ 
Class: ―Yes mam.‖ 
Teacher: ―Why do you say 
two thousand.‖ 
Learner 1: ―Because its 
closer‖ 
Teacher: ―Closer to what?‖ 
Learner 1: ―To two 
thousand and fifty I must 
Starting lesson off with 
mental mathematics. 
Teacher reads the 
information to the learners. 
Teacher helps learner to 
reason and make sense of 
the question.  
Teacher switches on the 
stop watch. 
Learners know that they 
only have ten minutes. 
Learners doing basic 
addition and subtraction of 
two digit numbers. 
Learners look at the 
pictures and follows as the 
teacher reads. 
Learners revise prior 
knowledge of rounding off. 
Being able to prove an 
answer by finding 
information to support 
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round off…‖ 
Teacher: ―Place the 
following numbers under 
its correct place value‖ 
Teacher: ―Complete 
number 1 of page 30 in 
your DBE books.‖  
Teacher: ―It reads 
between what two 
thousands are 
Number one A. one 
thousand two hundred and 
thirty four.‖   
Draws place value table 
on the board with these 
numbers next to it: 
4 672, 3 359,  2 001 
Teacher writes 1 234 on 
the board. 
Teacher draws a number 
line on the board counting 
in intervals of one 
thousand. 
answer. 
Symbolic Representation 
Looking for learners to 
give her the two 
thousands that this 
number lies in between. 
Teacher makes use of 
symbolic representation to 
assist learners. 
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Appendix G 
Transcript of observed lesson in Grade 7 class 
Communication Action Result/ Reason/ mode 
of representation 
Teacher: ―Take out your 
classwork books and 
complete your mental for 
today‖. 
Teacher: ―Hand out these 
worksheets‖. 
Teacher: ―Grade sevens 
remember we went did 
commutative and associative 
property of addition in the 
first term?‖ 
Class: ―Yes Sir‖ 
Teacher: ―well now we going 
to take a look at commutative 
and associative property of 
integers‖ 
Teacher: ―What are 
integers?‖ 
Class: ―Positive and negative 
numbers‖ 
Teacher: ―Yes and remember 
all the negative numbers lie 
Starting lesson off with 
mental mathematics. 
Teacher asks learner to 
hand out worksheet based 
on addition and subtraction 
of integers. 
Teacher moves left arm 
and right arm. 
Testing learners speed. 
Testing prior knowledge 
Testing prior knowledge 
and asking for 
clarification 
Reminding learners that 
positive is his right and 
negative is to his left. 
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to the left of my zero and all 
the positive numbers lie to 
the right of my zero.‖ 
Teacher: ―Right!... 
commutative property is 
when the order of the 
numbers change but the 
answer remains the 
same…when it comes to the 
associative property of 
addition, we do not swap the 
order of numbers but we 
group them differently‖  
Learners: ―Sir is swapping 
the numbers around.‖ 
Teacher: ―Grade Sevens 
note that the order in which 
the numbers are standing did 
not in any way change and 
remember the answer that 
you get on the left has to 
correspond with the answer 
you get on the right‖. 
Teacher: ‗It does not matter 
how you group numbers 
when dealing with the 
associative property, you still 
get the same answer‖  
Teacher: ―Complete page 
Teacher draws a number 
line with the positive and 
negative numbers. 
Teacher writes 4 + 3 = 7,  
3 + 4 = 7 and asks what 
am I doing… 
Teacher writes examples 
on the board showing 
learners the difference 
between the two 
properties. 
Making learners link the 
term(s) with the 
practicality.  
Giving clarification 
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102 up until page 103, I‘m 
giving you twenty minutes 
then we mark.‖ 
Teacher: ―Please use a 
number line if you happen to 
struggle. I drew one on the 
board with two examples; 
remember all the numbers on 
the left of zero are your 
negative numbers and all the 
numbers to the right of zero 
are your positive numbers.‖ 
Teacher: ―Don‘t forget that 
you need to substitute when 
a variable is given‖ 
Teacher: ―Time up lets mark, 
its self-assessment and you‘ll 
give yourself a mark out of 
ten.‖  
Teacher does example on 
number line points back at 
it for learners. 
Refers to previous taught 
content. 
Learners mark their own 
work 
Link number line with 
content that is being 
covered.  
Self-Assessment 
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Appendix H 
Transcript of observed lesson in Grade 5 class 
Communication Action Result/ Reason/ mode 
of representation 
Teacher: ―Lets complete our 
mental for today, remember I‘m 
timing you‖ 
Teacher: ―Your time is up grade 
fives and I notice that most of 
you did not complete your 
mental‖ 
Teacher: ‗Some of you take too 
long to complete one sum and 
instead of moving on you sit 
and struggle….so now you left 
out certain sums that I know 
you could have completed‖ 
Teacher: ―Lets mark…give your 
book to your partner‖ 
Teacher: ―Can I see who got a 
mark above seven out of ten‖ 
Teacher: ―right children… today 
we gonna have a look at 
addition and subtraction of 
mixed numbers‖ 
Teacher: ―What is a 
fraction?‖…What do we call the 
number on top and what do we 
call the number at the bottom?‖  
Teacher puts on her stop 
watch. 
Structuring 
Learners focus on the 
time they have. 
Speed and 
Enthusiasm 
Linking parts of the 
lesson 
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Class: ―The number on top is 
the numerator‖  
Teacher: ―and the number at 
the bottom?‖… 
Class: ―Denominator‖ 
Teacher: ―What else can you 
tell me about fractions?‖….. 
Teacher: ―come on grade fives‖. 
Teacher: ―Who can tell me what 
a mixed number is?‖ 
Learner 1: ―Mam it is when you 
have a whole number and a 
fraction‖ 
Teacher: ―Well that is 
correct…do you mind writing an 
example like that on the board 
where you show us exactly 
what you mean‖. 
Learner 1: ―Ok mam‖ 
Teacher: ―Well done, that is 
correct…‖ 
Teacher: ―Did you guys know 
that when you asked to write a 
mixed number as an improper 
Learner writes one whole 
number and two thirds on 
black board 
Probing Seeking clarification 
Positive 
encouragement 
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fraction,  
that you can test to see if your 
answer is correct‖ 
Class: ―No mam‖ 
Teacher: ―I will take my whole 
number and multiply it with my 
denominator, the number at the 
bottom, the eight‖ 
Teacher: ―what is two times 
eight?‖ 
Class: Sixteen 
Teacher: right, and sixteen plus 
three?  
Learner 1: ―Nineteen‖ 
Teacher: ―meaning I will write 
my answer as nineteen over 
eight‖.  
Teacher: ―Who can tell me 
where the eight is coming 
from?‖  
Teacher: ―What will my answer 
be?‖ 
Class: ―eight over nine‖ 
Teacher: ―remember, we do not 
add our denominators‖ 
Teacher writes 2  on the 
black board. 
Questioning 
Teacher writes on 
the black board 
Tracking 
understanding 
Building on previous 
concepts and skills to 
summarise lesson. 
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Appendix I 
Transcript of observed lesson in Grade 6 class 
Communication Action Result/ Reason/ mode 
of representation 
Teacher: ―I‘m handing out a 
worksheet based on problem 
solving. Read carefully and 
answer and answer the 
questions‖ 
Teacher: ―I‘m only giving you 
guys ten minutes‖ 
Teacher: ―don‘t forget that when 
we are adding fractions or 
subtracting them, we do not add 
or subtract the denominator‖ 
Teacher: ―We leave it as it is…. 
But what must I ensure is in 
place before I do anything?‖ 
Class: ―Change them‖ 
Teacher: ―Change 
them?‖…how? 
Learner 1: ―Mam needs to make 
sure that the denominators are 
the same‖ 
Teacher: ―and what if they are 
not the same?‖ 
Learner 2: Mam needs to 
No reading is done for the 
learners. 
Probing 
Problem solving 
approach tested 
Justify response 
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multiply the denominator by a 
number to have them be the 
same on both sides‖ 
Teacher: ―Yes… In other words 
guys I need to know my factors‖  
Teacher: What happens if they 
are not the same and the one 
cannot be changed to the 
other?  
Learners: ―We find the factors‖ 
Teacher: No! 
Learner 3: ―Mam aren‘t you 
suppose to count in multiples of 
3 and 8‖  
Teacher: ―Uhh! What is a 
multiple? Give me an example‖ 
Teacher: ―Give me the first five 
multiples of three‖ 
Class: ―three, six, nine, twelve, 
fifteen‖ 
Teacher: ―Yes! It‘s when we 
count in that number…ok!... 
give me the first five multiples of 
two‖ 
Class: ―two, four, six, eight, ten‖ 
Teacher: ―what about a factor?‖ 
Teacher writes on 
the black board 
Teacher nods her head 
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Teacher: ―a factor is a number 
that goes into another number 
without leaving….? 
Class: ―a remainder‖ 
Teacher: ―the factors of eight 
are, one, two, four and eight. 
Teacher: ―when I take these 
numbers and multiply them with 
one another I get eight…‖ 
Teacher: ―see?, no remainder‖ 
Teacher: ―Compete your DBE 
worksheet and remember what 
you do at the bottom you need 
to do in top‖.  
Teacher writes 8 on the 
board.  
Structuring 
Teacher writes 1 × 8 = 8 
and 2 × 4 = 8 
Guided instruction for 
learners. 
